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FEDERAL AVIATION AGENCY SPECIFICATION 


CENTRAL COMPUTER COMPLEX FOR ENGINEERING MODEL 
aa aial OF 7 
NATIONAL AIRSPACE SYSTEM 
PENROUTS 


1, SCOPE 


1, Scope.- This specification defines a Central Computer Complex (ccc) 
For use in the engineering model of the National Airspace System (NAS), ‘The 
CCC equipment includes digital computing elements, memory elements, input / 
output elements, interconnection equipment, peripheral-device adapters for 
equipment external to the CCC, and computer-oriented peripheral devices. 


1.1.1 The CCC functions to process a large volume of input data such as 
radar c/beacon, flight plans, controller inputs, and to present results to 
controllers in the proper form via electronic displays and printers. 


1.1.2 The salient features required of the CCC are extremely high reliabi- 
Lity for operation 2k hours a day, seven days a. week, capability Or. being 
configured from one basic family of equipment to cover a Wide range of 

Lons Bnd rae ght loading (to allow progressive system implementation and 


fune 
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1.1.3 Attached to this specification are Appendices A through F which provide 
related background and technical data which are referenced by this speci- 
fication. Section 6 lists the titles of these appendices. Section 6 also 
includes definitions and an index. 


1.2 Deliverable Items.- The following ltems shall be furnished in quantities 
and at the times specified.' 


Ttem Key Reference Paragraphs 


{A) Central Computer Complex System, 
including as a minimum the items 
listed below: 
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(u) 


(v) 


«De 
Item 


Central Computer Complex 
including computing, memory 
and input/output elements 

Peripheral~device adapters 

Disk and drum units (if 
required) 

Cables 

Magnetic tape drives including 
tape control units 

Card reader 

Card punch 

Printer, high speed 

Monitor console(s) or supervisory 


console(s), or both, printer(s), 


and typewriter(s), or both, and 
paper tape reader/punch 
Power supply units 
Off-line test equipment 
Type I Progress Reports 
instruction books, manuscript 
and final 
Design data, preliminary and 
revisions 
Interface design and data 
Recommended acceptance test 
titles and data to be taken 
Test specification 
Test reports, preliminary test 
data sheets, and final test 
data sheets 
Test routines: 
Software 
Documentation 
Utility System: 
Software: 
Assembler 
Loaders 
Dumps 
Program debugging aids 
Documentation: 
Assembler reference manual 
Assembler operator's manual 
Specification, assembler 
Specification, loaders 
Specification, dumps 
Specification, program 
debugging aids 
Off-Line maintenance programs: 
Software 
Documentation 
Programer's reference manual 


Key Reference Paragraphs 
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34262 
322.1.10, 3.8.3.4, 44 
3.11.4 

3.11.10; 3512.10.1; 
S511. 1061.1 

3.11.5, 3211.526 
3.4.2, 3.1165, 3011.5.3 
3.11.8 

3.11.8 

3.11.9 
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item Key Reference Paragraghs 

(8) Installation services 3.9 
{Cc} Site preparation specification 3.9 
D) Installation documents 3.11.7 
te Maintenance services 3.8.4 
(F) Maintenance records 4.3 
(G) Maintenance log 3.8.4.1 
(H) Recommended spare parts list 3.8.4.1 
(I) Index of drawings and technical 3.11.6 

memoranda , 
(J) Drawings and technical memoranda 3.11.6 


2. APPLICABLE DOCUMENTS 


2.1 General.- The following documents form a part of this specification to 
the extent specified herein. 


2.2 Applicable Specifications 


2.2.1 FAA Specifications 


(a) ER-D~406-010 General Requirement for Data Processing 
and Display Equipment (Prototype) - 
° January 12, 1962 


{b) SRDS-1 Specification for Contractor's Technical 
Reports - December 17, 1962 


(c) SRDS-N/M-1 The SRDS Netword/Milestone Technique - 
oe February 1963 


2.2ec MIL Specifications 


(a) MIL-I-26600 (USAF) Interference Control Requirements 
Aeronautical Equipment - June 2, 1958 
Amendment No. 2 = May 9, 1960 


2.3 Precedence of Documents.~ When requirements of the contract, this speci- 
fication, or subsidiary documents are in conflict, the following precedence 
shall apply: 


(a) Contract.- The contract shall have precedence over all 
other documents, 


(b) Specification,- This specification shall have precedence 
over all subsidiary documents referenced herein. 
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3, REQUIREMENTS 


3.1 Extent of Work.- The contractor shall provide all necessary services and 
materials to design, fabricate, test, deliver, and install the equipment as 
required by this specification in the quantities and at the times required 

by the contract. Any feature or item necessary for proper operation in accord- 
ance with the reguirements of the contract shall be incorporated even though 
that item or feature may not be specifically described herein. In addition, 
the contractor shall provide all necessary services and material to prepare, 
reproduce, and provide engineering analyses, reports, computer programs, and 
documentation as specified herein. 


3.1.1. General.~ The NAS CCC shall be: 
(a) An "off-the-shelf" system (3.2.1.1); 


(bo) A system that needs only a few hours of down time to 
expand to meet changing needs; 


{c) Three different configurations that can be effectively 
and efficiently employed to meet the data processing 
workload of three levels of flight and function loading 
as indicated in this specification; 


(a) A design that will permit use of a single executive 
program located in active shared memory; 


(e) A highly rellable system that monitors its elements and 
detects failures; 


(f) A system with sufficient memory, arithmetic and control, and 
input/output elements on-line so that element failures will 
result in "failing safely" and subsequently "failing. softly”; 


(g) A system that minimizes programing, training, maintenance, 
, ng 
and logistic support in quantity and personnel skill levels 
required for a nationwide implementation; and 


(h) A system that conforms to certain minimum hardware standards 
that are separately stated, 


3.1.2 Bounds of the Central Computer Complex.- The bounds of the Central 
Computer Complex shali include digital computing elements, memory elements, 
input /output elements, the interconnection between these elements, computer- 
oriented peripheral equipment, peripheral device adapters containing such 
components as data. buffers, demultiplexers, and equipment for word assembly 
and formatting, and any other hardware item required to properly inter- 
connect the computer I/O elements to the Government-furnished radar digitizers, 
inter-facility digital data transfer circuits, teletypewriter circuits, 
controlder keyboards, and high-speed printers. The equipment required for 
data storage, transfer, and formatting between the computer I/O channel and 
the Government-furnished plan-position displays and the tabular displays is 


na 
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nob included as a part of this CCC requirement; however, the contractor 
shall furnish the necessary t/o channels for the number of such displays 
used in accordance with his peripheral-device-adapter concept. Figure 5-1 
indicates in block form the bounds of the CCC. 


3.1.3 Description of the Data Processing Functions.~ As background to this 


Beate es Appendix E describes the data processing functions to be per- 
formed by the CCC. In general, the CCC will accept and process inputs from 
external devices, perform internal data processing, and prepare and trans- 

mit outputs to external devices for the generation of displays, printouts, 
etce These input /output transfers, the processing of inputs, the preparation 
of outputs, and the internal processing will be carried out largely ona 
cyclic basis. The data processing workload required by the ATC functions 

is described in 3.3. The workload requirements of 3.3 are divided into 
the following data processing areas: flight plan data _processing, surveil - 


lance data processing, and output | datap ‘processing. ‘Bach of the data-processing | 


areas 4s further broken down into a set of functions. i 


3,2 Hardware Requirements.~ This section of the specification delineates 
te hardware requirements for this equipment. The nature of the ATC 
date, ‘processing load, together with reliability and redundancy considerations 
es contained in other sections of this specification, may require that these 
standards be exceeded. These standards apply to each of the system configure- 
tions specified herein, except that for the 100-flight configuration (3.5.3), 
it-.shall not be necessary to add a third element of any type to provide the 
"tall-softly" feature where two elements would otherwise suffice. 


302-1 CCC Equipment Design.~ The CCC shall be a high-speed, general-purpose, 
digital, solid-state, stored-program data processing system. Its design = 
shall permit operation with a single executive program which assigns tasks _ 
to individual computing elements on the basi “first available,..so.that: 

no > Bingle” “comput Tiig “element” is critical to the. oper’ of the system. 


tet roseiucthe 


3.2.1.1 Off-The-Shelf Elements,- A major requirement, of the..equipment....is.... / 
if 


Nn, 


that t the CCC elements shall be 
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3 The following requirements 
apply: aes _ 


€ 


(a) Programer and assembler reference mamiais for the CCC must be 
available in accordance with software documentation requirements 
of section 3.7. 


(p>) In the event the Government reauires a program assembly debug- 
ging facility in any request for proposals in which this speci- 
fication is a part, the contractor shall provide a scaled-down 
facility for program assembly and debugging. Elements identical 
to those used in the CCC are not mandatory, provided the 
computer complex offered adequately simulates the CCC for 
debugging purposes, If elements other than identical to those 
used in the CCC are furnished, the contractor shall provide 
‘any auxiliary assembler software necessary to accomplish 
program assembly at the debugging facility. 
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3.2.1.2 Modular Hardware Design.- Hach specified CCC configuration shall 
be modular. The term modular is defined and described by the follqwing 
characteristics: 


(a) Capability of being expanded independently in the three 
major date-processing areas of input/output transfer, 
computing speed, and active shared memory capacity; 


(bv) -Failures to be on a modular unit basis in terms of the 
effect on system capacity as opposed to complete data 
processor or system failures: 


(1) Input/output moduler failure degrades only the I/o 
transfer capability of the system, but does not 
knock out any peripheral device, affect the com- 
puting speed capability of the system, nor lower 
its active memory capacity; 


(2) Computing (arithmetic and control) module failure 
reduces only the computing speed capability of the 
“system, but does not reduce r/o transfer capability 
or active shared memory capacity; 


(3) Active shared memory module failure reduces only the 
memory capacity by that amount, but does not reduce 
computing speed and t/o Epanaver capability. 


(c) System capability, both in hardware and software sense, 
exists for utilizing excess capacity in the three major 
data-processing areas for extre system reliability. This 
is not to be interpreted as the concept of active and 

: switchable standby units, but rather one where the design 
and configuration permis all units to operate on-line in 
the system such that system confidence checks lead to a 
dynamic, fast response capability for system recovery from 
pee module failures. A modular, system, therefore must.be.. 


defining ; capability with reference to a pre-established 
fable (on-i Tine elements. and.aircraft Load vs. functional capa- 
bility # for, ‘or the. “particular environment). to. ‘permit: dynamic system 
récove Ve 
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The term"element" as used elsewhere in this specification, when referring 
.to computing, 1/0; or shared-memory functions, shall’ be considered as 
synonymous with "module." 


3.2.1.3 Use of Two Types of Data-~Processing Machines.- The use of either 
‘one or two (but no:more than two) data-processing machine types in the total 
of three required flight configirations will be acceptable, provided that 
programing is identical for each machine type and expandability requirements 


(3.2.1.6) are met. 


ec 
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3.2.1.4 Redundancy of CCC Elements.- The number of elements of each type- 


Shall be aetermined for each coOnfigurationausing the load and timing tables 


of appendices A, B, C, and D. These configurations shall reflect the 


shall be used. In addition, the system shall be capable of recovery by 
program control such that failures are detected and system recovery is 
effected without manual intervention. This requirement results, with certain 
exceptions, in the prohibition of any single (non-duplicated) elements in 


the system. Thus there shall be multiple memory, input / output, and computer 


elements in each proposed CCC configuration regardless of minimm requirements 
determined from the load and timing charts. This multiplicity also extends 
to the mumber of independent paths through any T/o device. to any system . 
oriented peripheral devices. The permissible exceptions to this requirement 
for multiplicity are the following computer-oriented peripheral devices: 

ecard reader, card punch, line printer, paper tape reader/punch, and keyboard 
entry device (for computer servicing, not part of system functional operation) 
where the requirement is for only one of each type. Sections 3.6 and 3.8 

may causé the required mmber of redundant elements or ‘channels, or both to 
exceed the minimum requirement as stated and have precedence over these 
mininums. 


Se ee Redundancy of Peripheral-~Device Adapters.- Any proposed peripheral- 


device adapter units for reading in or out of teletypewriters, digital data 
transfer: devices (including radar /beacon digitized data transfer devices), 
manual keyboard entry devices, and high speed printers shall also contain 
sufficient redundancy to provide backup in case of a single failure. The 

exact means of achieving this shall conform with requirements for the particular 
input or output adapter devices. 


3.2.1.4.2 Redundancy of Bulk Storage Devices.~ The inclusion of bulk storage 


devices such as magnetic drums and disk files pose unique problems in the 
area of data recovery in case of failure. The contractor shall provide a 
means of insuring redundant operation in line with the ‘preceding requirements 


of this section for any such devices employed in his configuration. 


3-2-1.5 Parity Check Feature.- As..a.. Single parity bit per com- 


‘puter word shall be utilized in all CCC memory/i ers 
and storage. All transmissions to” and from ‘system-oriented peripheral devices, 
although not yet defined, will also include at least one parity bit per 


transmitted character, byte, or word. The computer~-oriented peripheral 


devices should, as a desirable feature, also adhere to this one-parity-bit- 
per-transmission requirement; however, other checking means for transmissions 
to and from: computer-orlented. peripheral devices will be considered. The 
magnetic tape units, however, shall contain a parity check facility for both 
reading and writing tape with a parity bit stored per stored tape character. 


“ees, 
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3.2.1.6 Rxpandability.- The two smaller flight load configurations specified-- 
160 and 200 | flights--shall be expandable so that either may be converted to 

the 325- ~flignt configuration by the addition of sufficient elements 

identical to those making up the configurations initially. However, should 

two types of machines be used to cover the range as permitted by 3.2.1.3, 

the expandability requirement shall be that the 100- -flight configuration 

be expandable to at least a 150-flight configuration as defined by the load 
tables of Appendix B with n=150, and the 200-flight configuration be 

expandable to the 325- ~flight configuration, — 


3-2.1-7 2/0 Channel Capabilities.- At least one of the I/O channels, with 


required redundancy, shall be capable of a high data transmission rate-- 
approaching the speed of the basic equipment element (memory--I/O--comput ing) 
data-transfer rate. The data-rate capability of the remaining channels shall 
be higher than the rate required by the job to be performed. All channels 
shall .also permit low-data-rate transmission. All channels shall be compatible 
with the asynchronous requirements of the system's peripheral devices. The 
burden of adjusting to variations in data-transfer timing among peripheral 
devices shall be assumed by the CCC system. At least one i/o channel shail 
permit connecting directly into other I/o cnannels in order to permit the 
transfer of data with nearby similar computer systems. Peripheral devices 
sharing a common t/o channel shall not hang up the I/O element or channel 
logic.when turned on and off. Further, no commonly encountered component 
failure in a single peripheral device shall tie up the t/o facilities so 

that other devices sharing the same element or channel are also incapacitated. 


Seca etccatan, 


3.2.1.8 Shared Memory.- Shared primary memory shall be provided for active oe 
storage of the executive program, scbject programs and routines, configuration ¥ 
status, ATC information, and other information that will be needed to perform 

any program functions which can be jassigned to the computing elements by the 
executive program, Shared primary memory, as used here, is a high-speed, 
random-access memory that is available to each on-line active computing 

element within the normal memory access cycle time. 
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3.2.1.9  Computer-Griented Peripheral Devices 
3.201.9.1 Magnetic Tapes.- At least eight magnetic tape drives, including 


aS a Minimum two tape control units, shall be provided, Four of these 
drives shall be reserved during system operation for data recording. If 
the executive control concept, maintenance, and redundancy requirements 
require tape drives in excess of the remaining four, this additional require- 
ment shall be accomodated. Local assignment of any tape drive to any 
selection code is required. At least two tape drives shall produce tapes 
fpr and accept tapes from IBM-729 Mod. II and Mod. IV tape drives. The 
CCC shall provide for automatically loading program routines from tape, 
with no pre~stored information being required to initiate such a function. 
One acceptable method would be a single “load-from-tape" control located 
on the monitor console, which would perform the following functions; 


(a) Cause a block of data of fixed length to be read from a pre- 
selected tape and stored.in a fixed set of locations in primary 
storage; and 
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(vo) Execute the instruction in the first such primary storage 
lecation and continue appropriate execution of subsequent 
instructions. 


It is recognized that this requirement can be fulfilled through a number of 
hardware techniques; techniques other than that described above will be 


considered. 


3.2.1.9.2 Card Reader,~ A card reader shall be provided that reads 80-colum, 
l2-row, rectangular-hole punched cards at a speed of not lesa than 250 cards 


per minute. 


3-201.9-3 Card Punch.~ A card punch shall be provided that punches 80-column, 
12-row, rectangular-hole punches cards at a speed of not less than 100 cards 


per minute. 


3.2.1.9. Printer.- A high speed line printer with the following minimm 
characteristics shall be provided: 


(1) At least 120 characters per line (i.e., 120 printable 
columns); 


(2) At least 300 lines per minute printing speed; and 


(3) A character set capable of performing the data 
processing functions specified in section 3.3. (It 
is anticipated that between 50 and 64 different 
printable characters will be required; the specific 
character set will be specified at a later date.) 


32221.10 Control and Maintenance Elements.- The specific system maintenance 
requirements are discussed in section 200 Th agraphs of 


ntenance.elements..., € 


(a) External control of the data processing system; 


(bo) Direct entry to and hard copy output from the CCC 
data processing system; . 


(c) Automatic monitoring of the operational status of ( 
all elements at one centrally.located monitor console e 
area, including audible alarm whenever a mode change ae 
oceurs; 

(a) Detecting equipment errors, and localizing and repairing f 
faults; and 


(é) Debugging and modification of programs. 


ee 


FAA-ER-606-063 =m 
The equipment shali consist of: 


(a) Monitor console(s) or supervisory console(s), or both, printer(s) 
or typewriter(s), or both, and paper tape reader/punch; 


( 


? 
(b) Error-detection logic; and ie Cran aca ce 
(c) Off-line test equipment (3.8.3.4). 


This equipment and associated maintenance programs shall provide the. error 
detection and repair necessary to insure a system mean down time as specified 
in section 3.6. 


3.2.1.10.1 Monitor Console(s) or Supervisory Console(s), or both.- The 
monitor console(s) or supervisory console(s) or both, shall have the 
following control and monitoring facilities. These hardware items shall be 
supplied in sufficient quantities to meet the requirements of the operational 


ATC system in addition to the stated additional requirements for a maintenance 
subsystem and other off-line data processing facilities. 


(a) Keys (or switches) to control the basic operations of 
the CCC consistent with the requirements for operation 
in either a real-time or program debugging environment; 


(bo) A facility for manual keyboard entry and printout of 
messages in the vicinity of the monitor console(s); 


{c) A paper tape reader /punch that will read punched paper tape and 
punch &@ paper tape copy when manual entry of data is taking 
place at the keyboard entry device; and 


{d) Indicators to visually display mode status, 
error conditions, and contents of 
selected registers. 


It is recognized that many of the features of the console(s) will be dependent 
upon both the hardware and software configurations chosen. Because of this, 
all desirable features of a console cannot be listed. The following is a 
partial list of desirable features of a console functioning in an ATC 
environment. 


{a) Keys (or switches) should be provided to start and stop 
operation, select modes of operation {(i.e., run, single 
cycle, alter, and like operations), directly enter data 
(e.g-, load from card reader, load from tape, or load 
from typewriter); 


(b) Visual indication of all equipment faults should be provided, 
localized to at least the basic elements (e.g., computing 
units, 1/0 units, or memory units)--further localization 
shall be provided for within each basic element; 
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(c) Facilities to control and provide status indications (e.g., 
lights, printouts, or audible alarms) of maintenance progran 
operation should be provided for on. the monitor console or 
on @ nearby printer; 


(4) An audible indication should be provided when a fault or 
program stall condition occurs. The audible indication 
should then be turned off manually, but should be automatically 
reactivated to sense for the next fault or stall condition; 


(e) Sense and branch switches should be provided for altering 
the program flow; and 


(f) Console(s) should operate in a milti-program environment, 
Additional switches and control logic (or entire consoles) 
should be supplied where necessary. 


3.2.1,.10.2 Error-Detection Logic.~ The error-detection logic of the CCC 


shall automatically detect and indicate to the monitor console faults 
occurring within each element of the CCC which would prevent proper system 
operation. All error-detecting features shall function so that any failure 
of error-detecting circuitry will indicate a solid error. a 


3.2.2 Power Supply Units.- Each equipment element for which redundancy has 
been provided shall operate from its own power supply unit, so that any 
single power supply failure shall not make inoperative more than one equip- 
ment element. In addition, if the central computer complex operates from 
motor~generator AC power sources, these motor-generators shall be supplied 
with sufficient redundancy so that each unit can be serviced off line with- 
out reducing the maximum required CCC capacity. 


3.2.3 Radio-Frequency Interference.- The CCC equipment shall satisfy the 


basic limits of interference and susceptibility as specified in 4.3. 2, 
L.3.4.1.1, 4.3.4.1.2, and 4.3.4.2 of MIL-I-26600 (USAF) and Amendment 2 
thereto, The contractor should note that the prospective locale for each 
ccc installation will be one that is subject to large amounts of radiated 
or conducted electrical interference energy. The CCC equipment shall 
function satisfactorily under existing conditions at such a locale. Sources 
for the electrical interference include radars, communication equipment, 
display equipment, teletypewriter equipment, and similar: devices. 


3.3 Data Processing Functions, Organization, and Loads.- Three sizes of 


CCC system configurations are described herein. This section and the 
referenced tables specify the criterla.for arriving at an organization and 
system size suited to the three configurations specified in 3.5.1, 3542, 


and 36563 


3.3.1 Introduction.- The data processing requirements for each configuration 
are stated by specifying: 
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(a) The time interval within which all functions comprising 
the total processing task must be performed; and 


(b) The storage, input/output transfers, and computing time 
associated with the functions. 


The operational air traffic control functions comprising the total data 


processing task are divided into three areas as follows (See Appendix B 
for further details): : 


(a) Flight Plan Data Processing Area ~ 
(1) Controller Inputs 
(2) Alphanumeric Inputs 
(3) Fix-time Determination ‘ 
(4) Flight Plan Dynamics 
(5) Conflict Detection 
(6) Association Checking 
(7) Flow Control 
(ob) Surveillance Data Processing Area ~ 
(1) Radar Input Processing 
(2) Automatic Tracking / 
(3) Proximity Warning 
(c) Output Data Processing Area - 
(1) Plan-Position Display Generation 
(2) Tabular Display Generation 
(3) On-Demand Printer Outputs 
(4) Automatic Printer Outputs 
(5) Inter-facility Outputs 
The maximum.cycle time (time within Which all functions are performed ) of the 
system. shaid s, This cyclic operation” shall be continuous. The 
storage, “input/output transfers, and computing time requirements associated 
with the above functions are presented in the tables of Appendices B, C, and 
Din terms of an experimental system. This experimental system is one that 


has been operated by the Mitre Corporation at Bedford, Massachusetts, under 
Contract No. FAA/ARDS-497T. 
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3.3.2 System Organization Requirements.- Because a detailed organization of 
the data processing task is dependent on equipment characteristics, this 
section specifies only the general characteristics of the system organization 
and the associated requirements. A data processing organization shall be 
determined for each system configuration required which is suited to the 
capabilities of the particular CCC elements. The organization must account 
for the impact of program, table, and r/o data transfers on the cycle time. 

The data. input and output, storage, and computing time requirements stated in 
terms of the experimental system in Appendices B, C, and D are to be translated 
into joad requirements for the CCC configuration. 


3.3.2.1 Storage Tradeoffs.- The amount of primary storage required for the 
total processing task depends mainly on two factors. One is the character- 


istics of the bulk storage that is part of the CCC--its access time and 
transfer rate. The second factor is the characteristics and capability of 
the input/output (I/O) elements. Within the limitations imposed by the 
environmental requirements of the data processing functions, i.oe., the data 
input and output transfers and the program and table transfers, trade-offs 
exist among the required size of primary storage, the amount and character- 
istics of bulk storage, and the t/o capacity of the CCC. The best solution 
depends on the hardware characteristics of the CCC equipment elements and the 
technique used for external peripheral data handling (3.4). 


3.3.2.2 Inputting and Outputting.- All data channels that input information 

to the CCC or output information from the CCC shall be connected via multi- 
plexers or buffers or both (peripheral-device adapters) with the system 
peripheral devices. Most input and output data may be batch processed. 

Input data batches may be accumulated in buffers external to the CCC, in 
primary storage tables within the CCC, or in some combination of the two, 
Similarly, output data batches may be block transferred to external buffers, 
held in primary storage and metered out to peripheral devices at the appropriate 
rate, or handled in.some combination. 


3.3.2.3 Data Flow.- The flow of data through a typical system is summarized | 
in the flow chart of Figure 3.2. AlL significant interactions have been 
shown. Functions have been segregated into four areas: flight plan data 
processing, surveillance data processing, output data processing, and 
executive control. Program functions are represented by single boxes while 
tables are represented by double boxes, Static and dynamic tables associated 
with the flight plan and surveillance data processing areas are the only ones 
shown. Tables in Appendices B, C, and D indicate the size of these tables and 
aiso the additional working tables required for each function. 


3.3.2.4 Conditional Operations.- Certain functions, indicated by an 
asterisk on Figure 3.2, need be operated only conditionally on the occur. 
rence of some previous event. For example, alphanumeric keyboard input 
processing need not be performed unless there are inputs to be processed, 
Nevertheless, for the purpose of determining data processing requirements, 
all functions shall be assumed to be operated every cycle. (The loads shown 


FAA-ER-606-063 aL 


by Appendices B, C, and D for conditional operations has already been prorated 
to permit this.) Handling of conditional operations rests with the executive 
control function and whatever special features, such as interrupts, that the 
particular CCC equipment provides, 


3.3.2.5 Sequence of Functions.- The sequence used by the experimental system 


for performing functions comprising the data processing task are indicated by 
the sequence of functions from left to right on Figure 3.2. Note that no 
particular sequence is implied in the output area. Certain functions of the 
flight plan area, e.g., association checking, are not considered sequence 
critical, and hence are indicated below the main Line of flight plan functions. 
The sequences indicated by Figure 3.2 minimize the time between input and out- 
put when a number of functions are involved and insure that the most recent 
data available to the system is utilized for the outputs. To illustrate the 
effect of the sequence in the flight plan area, considered the case where a 
controller requests a conflict probe for a particular flight plan. The Con- 
troller Inputs function detects this action and sets the appropriate indicators 
50 that the Conflict Detection function will probe the flight. However, the 
conflict Detection function will not operate until after Flight Plan Dynamics 
so that the most recently updated flight plan data is utilized. The flight 
plan data base may be updated by either Controller Inputs or Alphanumeric 
Inputs. Consequently, both these functions are operated before Flight Plan 
Dynamics. After Conflict Detection operates, the results of the conflict 
probe are communicated to the operator through the appropriate Data Output 
function and associated output device. All functions are performed every 
cycle, 


3-3-2-0 6 ee at Reduced Demand.- When,,the..traffic.demand decreases below. “T 
f..peak..capacity,.the..CCC, will be operated in the low traffic. e 
_deseribed” ‘in 3.6.1.1. No requirement exists that the same data 
‘processing organization or table structure that services the peak-demand level 
also service the low-demand level, It may be assumed that a different data 
processing organization--specifically tailored to accommodate only this re- 

duced demand--will be operative during these periods. It may be convenient 

to assume also that different master program routines service each mode of 
operation. 


3.3.3 Storage, Input/Output, and Computing Time Requirements.- All data 
provided in the tabulations included in Appendices B, C, and D are based 

on the experience gained from the design and operation of the experimental 
system. The data processor of this experimental system is capable of per- 
forming the total processing task only for relatively low traffic demand. 

The characteristics of this processor are stated in 4. of Appendix A. This 
data must be scaled in accordance with the characteristics of the particular 
cCo configuration to show compliance with the stated system capacity and cycle 
time requirements. Tables B-la, b, c, B-2a, b, c, and B-3a, b, ¢ of 

Appendix B, for example, show, as a function of load, the common table and 
program routine structure existing for the listed functions of the configuration 
for 325 flights (3.5.1). The data is presented in this form to permit consider- 
ation of a data processing organization which would permit a decrease in the 
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primary storage requirement at the expense of increased communication between 
primary and bulk storage. Each table is divided into three parts--a, b, 

and c, for the functions of the flight plan or input, surveillance, and output 
data processing areas. Requirements for the executive control area will be 
based upon a particular data processing organization and are to be associated 
directly with the operational functions and related r/o operations. 


3.3.3.1 Table Storage.- Except in large primary storage machines, it will 
not be possible to set up in primary storage the complete table environment 
for the most demanding functions. it is valid to assume that any function 
may be processed in as many passes as are desirable to accommodate the re- 
quired table structure. To facilitate such a breakdown, data is presented 
as a fiinction of flight load. The total flight load may be broken into as 


Lity which will guarantee Xhat the proper tables are available in primary 
storage when needed, without violating the 2.5-second cycle requirement. 


3.4 Peripheral Date Buffer Approach 
uh Peripheral-Device Adapters.- Peripheral-device adapters shall be 


aaa for each CCC configuration to input and output data between the 
computer I/O channel and the external peripheral devices, except for the 
periphera l-device adapters required for the plan-position and tabular display 
devices (Figure 3-1). The experimental system utilizes a hardware complex 
in which all input and output data batches are buffered externally on drums, 
with all peripheral devices connected to this external drum system (Appendix A). 
Since the data processing requirements of the CCC are based on an analysis 

of the same experimental system, the peripheral data storage and r/o transfer 
requirements have been stated (Appendices B, C, and D) in terms of this parti- 
cular hardware solution to the peripheral ate storage and transfer problem. 
Reference to tables in these appendices gives the amount of data that will be 
sent to the displays. For the 325-flight or obese ae te there will be from oz 
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Styles Aikaveen ive. ts o Buffering < on tee = “80 ‘that alternative solutions 

to the peripheral data storage and transfer problem can be considered, 

Tables Bek, C-4, and D-i summarize the number and data characteristics of 
individual external devices by type for each required configuration. The 
plan-position and tabular displays are excluded from this summary since any 
peripheral-device adapters (for buffering, formatting, and similar functions), 
if required, between the computer TI /o channel and the displays are not a part 
of this specification. The contractor shall, however, provide sufficient 1/0 
elements and adjunct data channels Gikg required) to drive all plan~position 
and tabular displays. 


3.4.2 Interface of CCC Equipment with External Peripheral Equipment.- The 
processed digital radar data will be inputted to a peripheral-device adapter 
by a radar video data processor (RVDP) currently being procured. The RVDP 


j 
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output interface has not been totally specified, however, the logic levels 
and impedence characteristics are determined. The output data format of the 
RVDP_will be either.12 bits.plus one parity bit, or 6 bits plus one parity 
bit, i The CCC shall be designed to accommodate either 


data lines, and from other RVDP's at 7200 bits~per-second on one data line. 

In the case of three 2400.-bits-per-second lines, each line carries discrete 
messages. The CCC. input shall handle up to 15 such RVDP units, with provision 
for later expansion up to 18. The remaining interfaces to peripheral equipments 
consisting 6f”¢dntroller input devices, alphanumeric keyboards, input and 
output inter-facility teletypewriter or digital data links, high-speed printers, 
and on-demand printers (such as teletypewriters) have not been defined. The 
date rates for these peripheral devices for each CCC configuration are shown 

in Tables B-4, C-}, and D-4 in the appendices. The contractor, shall be 
respensible for designing the detailed CCC interface with the peripheral 
equipments in conjunction with the FAA Contracting Officer's Technical 
Representative and the peripheral equipment manufacturers, The contractor 
shall furnish detailed interface design and data in accordance with 3.11.5. 


3.4.3 Additional Data Buffer Requirements.- The number and types of 


external devices for the particular configuration (3.5.15 36502, and 3.543) 

are assumed to be constant irrespective of traffic load, hence all requirements 
for input buffer storage are treated as being independent of the aircraft 

load, ne Except for inter-facility outputs, all requirements for output 
buffer storage are proportional to traffic load. 


3.4.3.1 Since each function will be executed only once per cycle, every 
solution to the peripheral data buffer problem must provide for the maxim 
amount of information listed in Tables B-4, C-l, and D-4, whether this 
storage is provided internally in primary memory, externally on drums or 
other storage media, or in some combination. 


3.4.3.2 Information storage may be only a part of the total buffer storage 
required. The characteristics of a proposed buffer system and related 

logic may require additional storage for data used to control the addressing 
and timing of cutputs, and to tag the source of input data on less than a 
complete message basis. For example, the drum buffering subsystem of the 
experimental ATC system allows for storage of four 6-bit information 
characters of high-speed and on-demand printer outputs for each 32-bit 
computer word. Provisions shall be made for storing the overhead data as 
well as information data in any solution to the peripheral data storage and 
transfer~problem. 


3.4.3.3 The entries in Tables B-la, b, c, C-la, b, c, and D-la, b, for 
peripheral data storage associated with any function is the sum of the maximum 
amount of information required to be buffered during a 2.5-second cycle (from 
Tables B-4., c-4, ‘D-) and the overhead data associated with that information. 
In addition, since Tables B~2a, b, c, C-2a, b, c, and D-2a, b, are based upon 
an approach to buffering where all inputs are entirely externally buffered, 
the entry for Mandatory Transfers--Peripheral Data associated with any 
function is also the sum of the maximum amount of information required to be 
puffered during a 2.5-second cycle (from Tables B-4, C-4, and D-4) and the 
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overhead data associated with that informtion. For outputs, and for inputs 
in the case where inputs are internally buffered, the Mandatory Transfers--~ 
Peripheral Data entry of Tables Beda, b, c, C-2a, b, c, and D-Za, bi would: be 
the average amount of information plus associated overhead data transmitted 
for each type of input or output during each 2.5-second .cycle. 


3.5 System Configuration Reguirements.~ Three complete and separate CCC 
2 configurationg are specified in the following paragraphs. Each 


configuration shall Handle the specified functions and processing load with 
the minimum quantity of equipment that meets the require redundancy jand 
ee ee that the three” ‘system conPiguratiotis are 

= such as to facilitate transitions from the smaller to the larger and 
thus permit subsequent FAA programs to progressively implement functions and - 


loading at a given location. 


3.5.1 Configuration for 325 Flights.- A CCC configuration shall be furnished 


which provides for data processing in accordance with functions and loading 
specified by Tables B-la, b, c, B-2a, b, c, and Be3a, b, c, and for the 
external. peripheral devices specified by Table B~4, This configuration shall 
handle 325 flights (n = 325 in the data processing tables) and the functions 
indicated by the tables. The CCC equipment shall include all required 
peripheral-device adapters to input and output data between the computer I/O 
channel and the external peripheral devices described by Table B-4, except 
for the peripheral-device adapters required for the plan-position and tabular 
displays. The computer-orlented peripheral devices called for in 3.2.1.9 
shall also be provided. 


3.5.2 Configuration for 200 Flights.- This is a scaled-down version of the 
325 Plight configuration. A CCC configuration shall be furnished which provides 
for data processing in accordance with functions and loading specified by 
Tables C-la, b, c, C~-2a, b and C~3a, b, c, and for the external peripheral 
devices specified by able C- ae This configuration shall handle 200 flights 
(n = 200 in the data processing charts) and the functions indicated by the 
tables. The CCC equipment shall include all required peripheral-device 
adapters to input and output data between the computer r/o channel and the 
external peripheral devices described by Table C-4, except for the peripheral- 
device adapters required for the plan-position and tabular displays. The 
computer ~orlented peripheral devices called for in 3.2.1.9 shall also be 
provided. 


tracks with inputs from four radars ‘; and provide. LOO. alphanumeric tags. in. 
association with’ vid na plan~position. display. This CCC configuration 
shall provide ‘for data ‘processing in accordance with functions and loading 
specified by Tables D-2, b, D-2a, b, and D-3a, b, and for the external 
peripheral) device specified by Table D-4, This configuration shall handle 
100 flights (n = 100 in the data processing tables), and the functions 


indicated by the tables. The CCC: equipment shall include all required 
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peripheral-device adapters to input and output data between the computer r/o 
channels and the external peripheral devices described by Table D-L, except 
for the peripheral-device adapters required for the plan-position and tabular 
displays. The computen-oriented peripheral devices called for in 3.2.1.9 
shall also be provided. This CCC configuration shall incorporate sufficient 
hardware to perform the required functions, at the specified load of 100 
flights, using conventional programming techniques and available software, 


3.6 Reliability 


3.6.1 Introduction.- The CCC shall provide functional operation seven days 
a week, with an absolute minimum of scheduled and non-scheduled down time. 
In the case of progressive failures that continuously reduce the number of 
hardware elements that are available under program control, the CCC shall at 
first "fail-safely" by using redundant elements; i.e., no functions are to 


be discontinued nor is thé Pate at which thése functions are performed 
changed (operation unaffected by an element failure by virtue of activation 
of a redundant element). As failures continue, and the number of CCC 
elements available are less than that needed to maintain a fail~safe 
condition, the complex shall ."fail-softly" by first extending the time 
interval for selected functions (functions chosen to result in no loss of 
input data) and second, discontine some functions. In discontinuing 
functions, the more sophisticated programs (advanced planning, sequencing, 
etc.) would be dropped first and basic information Last (e.g., alphanumerics 
on beacon targets). The objective of continuous operation with an absolute 
minimum of scheduled and non-scheduled down time shall be achieved by: 


£ 7 
x ‘, (a) Redundant capacity for all hardware elements, together with Ke A 
S automatic error and failure detection, and dynamic system CURE 
ae recovery Capability through activation of the redundant elements. 


(b) Automatic adjustments in the scheduling of data processing 
loads and functions for the CCC elements when failures 
occur. The available data-processing capacity shall be 
applied to the load requirements so that a reduction in rate 
or of functions does not occur while excess capacity is 
available in the CCC, 


This latter feature permits the CCC to maintain performance during light 
traffic demand periods even though element failure occurs after all redundant 
elements are in use. It also permits the CCC to maintain limited performance, 
at the expense of dropping some functional capability, when more severe 
failures occur. 


3.6.1.1 Diurnai Load Variations.- The daily traffic demand on the CCC varies 
approximately according to the following rates: 


(a) High, 80 to 100%.of peak capacity for 5 hr/day (several hours 
in the morning and several in the late afternoon). 
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(b) Medium, 50 to 80% of peak capacity for 7 hr/day. 


(c}) Low, 0 to 50% of peak capacity for 12 hr/day. 


3.6.2 Reliability Definitions 


3.6.2.1 Modes of Operation.-~ The "Mode" of operation describes the stetus 
of CCC system capability with respect to the functional and. traffic demand 


capacity. 


(a) Mode Al is defined as the condition when 100% traffic 
demand capacity and 100% functional capability exists; 


{b) Mode Bl is defined as the condition. when’ ‘Lfallure has 
reduced the CCC capacity to 80% of peak traffic demand , 
and full functional capability still exists; and 


(c) Mode Cl is the-sime as Mode Bl except ‘that the°ccc . 
acity. is reduced to 50% of peak traffic demand; a full 


functional capability still exists. 


Mode designations using a numerité of 2 or above (A2, B3,-C2, etc.) indicate 
lower modes for which the full functional capability does not exist, the - 
degree of degradation rising as the number increases. For purposes of 
simplifying these requirements, only the Al and Cl reliability figures will 

‘be specified; this is not to be construed as lessening the implied reliability 
requirements at intermediate levels of traffic demand. 


3.6.2.2 Mode Failure.- Mode failure is defined as the failure of an active 
CCC element which causes a shift in-mode of operation to a lower mode. 


3.6.2.3 Mode Change.- Mode change is defined as any change in traffic 
demand or element availability which causes the CCC to increase or decrease 


the air traffic control functions being processed or change the rate at 
which they are being processed. 


3.6.2.4 Active Element.- Active elements are those equipment elements (e.g., 


menory, computing, 1/0 or peripheral-device adapter) required to service the 
data processing load.of any given mode. 


3.6.2.5 Redundant Element.» Redundant elements are those equipment elements és 
which are required to provide excess capacity for emery? and when ‘ 
operable, are available for program assignment. 


3.6.2.6 Transient Failure.- Two.classes of trensient failure are definedi 


(a) Self-clearing transient. disturbances, such as ‘transient 
parity errors, which do not require deactivation of an 
active element; and 
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(b) 


Non-clearing failures of an active element requiring deacti- 
vation of this element and its replacement by a redundant 
element, if available. 


3.6.2.7 Mean Down Time--Mean Up Time 


(a) 


(v) 


Mean Down Time (MDT) is the mean of the times required to 
re-establish the desired mode of operation of the CCC after 
it has had a mode failure. Failure of any equipment within 
the CCC bounds (3.1.2) shall be taken into account in the 
computation of MDT, provided it is the cause of the mode 
failure or prolongs a mode failure initiated by some other 


‘element. 


Mean Up Time (MUT) is the mean of the times between mode 
failures, minus the MDT. 


3.6.3 Detailed Reliability Requirements 


3.6.3.1 Detection of Element Failure and Dynamic Activation or Deactivation 
of Elements and Functions According ‘to Failures and Traffic Demand 


(a) 


(b) 


(c) 


The CCC: shall provide redundant capability for all hardware 
elements in the form of additional elements over and above 
the number required for full load, full functional operation; 


The CCC shall automatically detect failure, errors, and mal-~ 
functions in an element, dynamically deactivate a defective 


element, and activate a redundant normal element when operating 


with appropriate software. {Such software is not a deliverable 


item under this specification). The techniques used to 


accomplish this automatic detection and element activation/ 
deactivation may wtilize both hardware logic and programing; 
however, the hardware design shall not impose an excessive 
burden on the programing effort in order to realize these 
automatic features; 


When elements fail in excess of those available for 

redundancy (ie, all redundant elements of this type are 

being fully used and none are available for replacement) 

but the traffic demand:is Low enough that there is sufficient 
excess capacity available in some elements that have not 

failed, the CCC system shall deactivate the defective 

element /elements and redistribute its assignment of functions 

so that no loss of function occurs when operating with 
appropriate software. (Such software is not a deliverable 

jtem under this specification.) Note that whenever the CCC's 
effective overall capacity is marginal or insufficient to handle 
the current demand and functions, due to some defective element, 
the functional capability shall degrade and not the traffic load 
capability; 
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{d) When elements fail in excess of those available for 
redundancy, and the traffic demand is such that insuf- 
ficient capacity is available in the remaining elements, 
the CCC system shall deactivate the defective element / 
elements and automatically degrade or drop out functional 
capability, according to a predetermined schedule of 
functional priority.when operating with appropriate soft- 
ware. (Such software is not a deliverable item under this 
specification.) The CCC shall not reduce its traffic load 
capacity; l.e., data and reports from all aircraft shall 
be processed and no data shall be lost. As traffic demand 
varies under this condition, the functional capability shall 
increase or decrease as required to maintain full current 
traffic demand capability; 


{e) Elements that are redundant shall be available for non- 
operational uses such as program check~outs, data re- 
duction, and statistical analysis. However, this usage 
shall not affect the operating program, and shali not 
prohibit these redundant elements from being automatically 
brought into active operation; and 


(f) The reconfiguration function described in (b), (c), and (a) 
above shall be accomplished without manual intervention. 


3.6.3.2 Reconfiguration Time After Failures.- The following applies when 
when operating with appropriate software. (Such software is not a deliver- 
able item under this specification.) 


(a) For a non-clearing transient failure (i.e., an active an 
element has failed) where a redundant element is available ' 
to replace the failed element, the CCC shall automatically 

: a reconfigure, nepieeine the failed element with the redundant 
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(>) Transition from any mode to a lower mode resulting from | 
mode failure shall be accomplished within 30 seconds after | 
a mode failure. j 


3.6.3.3 Reliability for Mode Al.~ The CCC shail have a MUT of 1000 hours 


or greater when Operating in the Al mode (3.6.2.1). The CCC shall have°s"""" 
faa o. 


MDT | of 1 hour or less when operating in the Al mode. These requirements, 


as well as those of 3.6.3. 4, shall be met using the contractor's recommended .- 


maintenance staff and maintenance programs, and shall conform to maintenance 
services specified under 3.8.3; test equipment used shall be Limited to that 
furnished the Government as part of the basic CCC contract (3.8.3.4). 


3.6.3.4 Reliability for Mode Cl.- Except for the 100-flight configuration 


(3.5.3), tne CCC shall have a MUT_of..10,000 hours or greater when operating 


in the Cl mode , and a MDT-of-O-« +5 5 hour, or esas eer 
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3.6.3.5 Mean Time Between Failure.- The mean time between non-clearing 
transient failures (3.602. involving the failure of an active element when 
a redundant element is available to replace the falled element shall. exceed 


12 hours. 
22 hour 


3.6.3.6 Application of Reliability Requirements to the 325, 200, and 100 
Flight Load CCC Config rations. The requirements of 3.6 and its sub- 
paragraphs shall: apply to all three CCC configurations, subject only to 
the provisions applicable to the 100-flight configuration appearing in 3.2 


and 3.6.3.4. 


3.7 Software Support 


3.7.1 Utility System.- A complete set of utility programs must be provided. 
The following programs are 4 minimum requirement. 


3.7.1.1 Assembler.- A working assembler designed for, capable of running 
on, and producing machine code for the CCC from input symbolic machine- 
oriented source statements, is required as a minimum programing aid for 
developing programs to perform the complex real-time functions described 
in. this specification. The object code shall be either relocatable or 
absolute for any given translation. The translation shall, in general, 
convert one source statement into one machine-coded instruction or value 
word. Translator control source statements shall be available to handle 
decimal to binary conversions, acceptance of alphabetical data, storage 
allocation, input-output, translation and control, -and control of documentation. 
A compool feature is desirable with the assembler. 


371.2  Loaders.~- These programs must be capable of loading object programs 
produced by the assembler, data from magnetic tape, alphanumeric keyboard, 
or card reader into primary and bulk storage. The loader programs shall be 
self loading. It is desirable that object programs be callable from a 
library under program control. 


3.7.1.3 Dumps.- Programs shall be supplied for transferring the contents of 
bulk and primary storage in octal, decimal, or mnemonic instruction cede to 
magnetic tape plus card punch or high-speed printer. 


3.7.1.4 Program Debugging Aids.- These programs shall include full and 


selective program tracing and break~point testing routines as:a minimm. 


3.7 ole5 Delivery of Software.~ The software for the utility system :shall 
be delivered in operational condition six months from date of contract. The 
delivered items shall include an operational utility system contained on 


magnetic tape, and a symbolic program deck and listing. 


3.7.1.6 High-Order Language.- The provision of a high-order language or : 
complier is desired but not required as part of this procurement. If such, 2 


a language is available and is to be included as part of the CCC software 
package, a descriptive programer reference manual: shall‘ be. included with. 


.the technical proposal. 
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3.71.7 Utility System Software Documentation.- Each piece of software shall 


be documented, both for programer and operator usage, and for maintenance and 
nodification of the software. 


3.7.1.7. Assembler Reference Manual..- An assembler reference manual shal a 
pe provided and shall describe all actions required to prepare source 

language statements, initiate assembly, and analyze resulting listings as 

to encountered error conditions. The reference manual shall be written to 
conform to good commercial practice and contain sufficient detail to enable 
programers to produce computer programs without referencing additional 
documentation. 


3.7.1.7.2 Assembler Operator's Manual.~ An assembler operator's manual shall 
be provided and shall include initiation and intervention procedures, a | 
complete list of possible error halts, and all possible actions required of 


the operator. 


.3.7.1.7.3 Utility System Specifications.- Detailed specifications shall be 


provided, including appropriate flow diagrams and instructions to permit 
operation, maintenance, and program modifications for the assembler, loaders, 


dumps, and the program debugging aids. 


3.7.1.7-4 Delivery.~- Two hundred copies of utility system software documentation 
shall be delivered to the COTR in accordance with the following: 


(a) Assembler reference manual, one month after date of contract; 
(b) Assembler operator's manual, six months after date of contract; 
(c) Specification, assembler, six months after date of contract; 
(a) Specification, loaders, six months after date of contract; 

(e) Specification, dumps, six months after date of contract; and 


(f) Specification, program debugging aids, six months after date 
of contract. 


SPO Programer's Reference Manueal.- The contractor shall furnish 200: copies 


of a programer's reference manual to the COTR one month after date of 
contract; it shall include a description of the computer instructions, 
comands, and orders used in an operational machine program, The manual 
shall also include but not be limited to information on instruction timing, 
single and double precision operations, use of index registers, logical and 
arithmetic operations, data transmission, I/O operation, use of indicator 
lights and branch switches, and data necessary for the use and control of 
the computing machine. The manual shall be prepared in a careful and 
workmanlike, manner .in accordance with best practices (consistent with the 
intended use) as applied to similar manuals normally furnished for commercial 
equipment. It is intended that a contractor's standard commercial manual, 
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as an addendum to the standard manual or provided as a supplemental or 


separate volume. oot 


3.7.3 Maintenance Programs.- A maintenance system containing software Ax 
providing for continuing operation of the CCC and satisfying the require- pe 
ments contained in this specification must be supplied (see 3.8.3 in ; 
association with the following software descriptions.) 


if suitable, be furnished, with supplemental material as necessary furnished oe 


ope 


3.7.3.1 Off-Line Maintenance Programs.- Programs and applicable documentation 
shall be provided as specified below. These programs will be utilized off 
line to test, detect, and isolate errors within basic CCC modules. These 
programs must be capable of isolating faults to a logic section within a 
basic CCC element (e.g., failure of bit 10 of word 4010 in memory module B). 
The computer utilizing a suitable output device of the CCC will, output the 
resulting diagnosis in an applicable form for use by maintenance personnel. 


3.7.3.i.1 Off-Line Maintenance Program Delivery.~ Three complete sets of 
documentation shall be provided six months after date of contract, and shall 
include. initiation and intervention procedures, a complete list of possible 
error halts, and all possible actions required of the operator. Fifty 
additional copies of this documentation shall be supplied at the time of 
delivery of the CCC. The program itself shall be provided at the time of 
delivery of the CCC contained on magnetic tape and on a symbolic program 
deck with appropriate listing. 


3.7.3.2 On-Line Maintenance Programs.~ Programs to operate with the opera~ 


tional system which are designed to maintain continuous operation are 
required and will include: 


(a) Confidence routine v~ 


(b) Cperational diagnostic a 
e. 


(c) Data correction and recovery 
(a4) Reconfiguration and mode control oe 


Such programs are not a deliverable item under this specification, however, 
they are further defined in section 3-8. 


3.8 System Maintenance Requirements 


3.8.1 Scope.~ The CCC shall operate with a minimum of down ‘time and a mindmum 
of human involvement. Proven or existing equipment and techniques shall be 
used to the greatest extent possible. Below are those hardware, software, 

and test implementation requirements, and desirable features that support 
this design. 
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3.0.2 Maintenance Definitions 


3.8.2.1 Element Statur.- In order to state the requirements of the NAS GCC 
Maintenance System, it is necessary to define elements by their current status 
in the system. Equi;ment status has been broken down into the following 


categories. Their “efinitions follow: 


3.8,2.1.1 Active Elements.- Active elements are defined by 3.6.2.4. 


3.8.2.1.2 Redundant Elements 


4 
(a) On-Line Redundant.- Those hardware elements not presently 
being used to perform an ATC function, but which would be 
ae available for use by the operational system within the 
Lee? 30-second recovery period permitted by 3.6.3.2. 


(b) Off-Line Redundant.~ Those hardware elements not presently 
being used to perform an ATC function and which would not 
be availabie for use by the operational ATC system within 
the 30-second recovery period specified in 3.6.3.2. These 
elements would probably be used to perform an off-line 
function such as scheduled or unscheduled maintenance. I+ 
is likely that manual intervention would be required to 
place these elements on~line, with the actual time before 
these elements could be available to the on-line system 
depending upon the hardware configuration chosen. It would 
be desirable for all elements in operational condition to 
be available automatically to the operational ATC system within 
the 30-second transient recovery period mentioned above-~- 
regardless of their current use--in which case the category 


being discussed here would not exist. 


{c) Inactive.- Those hardware elements that are not available 
to the operational system within the near future. Typical 
reasons for non-availability might be due to component 
failure, marginal checking (preventive maintenance), and 


element power off. 


3.8.2.2 Types of Maintenance.- The maintenance function will be classified 
as either ‘on-line’ or “off-line.” On-line maintenance would be performed 
only on on-line elements. Off-line maintenance would generally be performed 
only on off-line elements. In a hardware configuration where all elements 
(except failed elements) would be available within a 30-second recovery 
period, the off-line maintenance function, as defined here, might be run 

on a combination of on-line and off-line elements, 


3.8.2.2.1 On-Line Maintenance.- Although maintenance is generally considered 
@s an off-line function, being performed on off-line elements, certain 
operational (software) functions are defined herein as on-line maintenance. 
These software functions include programs to maintain and report on current 
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element status, to detect errors, and to diagnose and print out limited 
information on errors for maintenance personnel (3.8.3.3). 


3.8.2.2.2 Off-Line Maintenance.- The bulk of the maintenance function would 
generally be performed on off-line elements. Off-line maintenance is 
generally classified as either scheduled maintenance or unscheduled 
maintenance. A further breakdown follows. 


3.8.2.2.2.1 Scheduled Maintenance.- Scheduled maintenance includes preventive 
types of maintenance, routine maintenance, and corrective maintenance. 


(a) Preventive Maintenance.- Preventive maintenance is defined 
as planned periodic marginal and functional testing of 
the CCC elements and components, Preventive maintenance 
techniques (e.g., voltage or clock timing marginal checks) 
are chosen so as to detect marginal components (e.g., due 
to aging or drift) and system misalignment (eege, non 
optimum settings of tape system head gains). 


(b) Routine Maintenance.- Routine maintenance consists of the 
regular repair of failed components at the test bench and 
regular repair or maintenance of mechanical and electro-~ 
mechanical devices (e.g., clean tape heads and loop boxes 
or vacuum air filters). 


(ec) Corrective Maintenance of Known Failures.- Corrective 
maintenance on failed CCC elements can often be scheduled 
for a later work shift where a higher maintenance capability 
would exist or at a time when there is a low traffic demand. 
During periods of low traffic demand, additional elements 
would be available to aid in the repair and test of the 
failed element. Such maintenance is classified as scheduled 
corrective maintenance. 


3.8.2.2.2.2 Unscheduled Maintenance.- Unscheduled maintenance consists of 
maintenance required immediately following a failure found by the on-line 
maintenance function and which can not be scheduled for a later time (e.g¢., 
total system failure, or element failure where no further redundant element 
of that type remains for use by the operational system). Normally, single 
element failures occurring during peak traffic loads would be scheduled 

for repair during a low-load period. (i.¢., scheduled corrective maintenance) 
or handled by off-line test equipment (3.8.3.4). 


3.8.3 Maintenance Requirenents.- These paragraphs specify maintenance 
requirements and reference other pertinent sections. Desirable features 
of a maintenance approach are discussed first, 


3.8.3.1 Maintenance Approach.- The detailed maintenance approach for the 
complete CCC will depend upon the final equipment configuration as well as 
the chosen design options. 


“27 = PAA-ER~606-O63 


3,8.3.1.1 On-Line Maintenance.- When operating with appropriate software 
(not a deliverable item under this specification), the on-line maintenance 
function shall detect element failures. If an element failure is detected, 
the on-line maintenance function shall. cause the equipment complex te be 
automatically reconfigured to exclude the failed element from further use 
py the cycling program complex. A redundant on-line element is then auto- 
matically assigned the tasks of the failed element. No manual intervention 
of any. kind shall be required. If no redundant element exists (because of 
prior element failures), the fail-soft approach applies. In any case, 
appropriate notification to the maintenance personnel shall be generated. 


6.3.1.2 Repair of Failed Hlement.- To effect the speedy repair of the 
failed element, necessitated by the reliability requirements in section ‘3.6, the 
following approaches or a combination of them are permissible: 


(a) Maintenance personnel may utilize special off-line test 
equipment exclusively; 


(o) If sufficient redundant elements are available, then a set 
of redundant elements may be taken. off-line to form a test 
subsystem; 


{c) Depending on the equipment capability, a test subsystem may 
‘be defined that uses on-line redundant elements. However, 
in this case, it is mandatory that the redundant elements be 
availabl= under program control to the active program complex 
im case of gm element failure. It mst further be assured 
that the program has the capability to completely lock out 
any manual controls and negate any special test parameters 
that maintenance personnei nave set wp in the redundant 
elements; , 


(a) it may suffice to schedule repair of elements during: low- 
-load periods when sufficient redundant elements are available. 
The obvious penalty is. increased down-time when an element 
fails during the high-load period. 


308e3el.3 Preventive Maintenance.- The requirement that the CCC operate ok 
hours every day places severe restrictions on preventive maintenance. However, 
since the system.load fluctuates in a predictible manner during each day, & 
carefully planned scheme of preventive maintenance can be conducted during 

‘low load conditions on redundant elements. If elements need be physically 
digconnected from the system it shall be accomplished without interference 

to the operational elements. 


~8.3.2 Hardware Features.~ The hardware requirements of that portion of 
the system maintenance function which pertain to the actual CCC elements 
have been;specified in section 3.2.1.10. In addition, all equipment shall 
provide that the process of taking elements off-line, operating elements 
off-line to form a test subsystem (including ‘the on-off cycling of power, 
or ‘returning elements on-line, does not generate any. logical.or -electrical 
disturbances that might affect on-line system operation. 
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3.8.3.3 Maintenance Programs.- In line with the definitions of section 3.8.2, 
the maintenance programs can be grouped into two categories: on-line 
maintenance programs and off-line maintenance programs, A further breakdown 
follows. 


3.8.3.3.1 On-Line Maintenance Programs.- These programs would perform the 


on-line maintenance functions described in 3.8.2.2.1 and might consist of 
the following: 


(a) Confidence Programs.- Such programs might consist of routines 
to perform simple tests on all on-line elements and report 
to the executive function on their status. The actual functions 
of these routines would depend upon both the hardware and 
software configurations. It is feasible to assume that 
quality control (e.g., radar return) routines might also be 
integrated into this function at some later date. These con- 
fidence programs would be cyclic in nature and might be 
performed during each system cycle; 


(bo) Operational Diagnostic Program(s).- This diagnostic function 

would only be performed wpon detection of an error by the 
confidence programs (discussed above) or ATC operational 
programs, or upon a hardware-initiated error interrupt. 
These Operational diagnostic programs might collect data 
on or verify the failure, or both, output any pertinent 
information to an on-line printer (for use by maintenance 
personnel), and initiate corrective action; 


(c) Data Correction and Recovery Programs.- These would be 
"fix" type programs; i.e., correction of data after a failure. 
This corrective action might consist of a complete startover 
from safe data or simply a tape re-read. These programs 
are conditional and would only be performed when requested 
by the operational system. Useful information (to maintenance 
personnel) would be output to an on-line printer; 


(d) Reconfiguration and Mode Control Programs.- The reconfiguring 
of the on-line elements would be performed by the reconfiguration 
program which would also accept requests to reconfigure 
from the operational diagnostic function when a non-clearing 
operational element failure has been verified. The mode control 
program would, consist with the reliability requirements of 
section 3.6, change the mode of the CCC operation. Inform- 
ation on the reconfiguration or mode control process, or 
both, would be outputed to an on-line printer or maintenance 
console, or both. 


An estimate of the storage and cycle time for these on-line maintenance 
routines shall be made and added to those required by the operational program 
as described elsewhere in this specification. Such on-line maintenance 
programs are not a deliverable item under this specification. 
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3.8.3.3.2 Off-Line Maintenance Programs.- These programs shall consist of 
These 


a large number and variety of comprehensive maintenance programs. 
programs shall include routines to test all CCC elements, including the 
computer-oriented peripheral devices and peripheral-device adapters. (The 
Government intends that routines to test and exercise the system-oriented 
peripheral devices also be integrated into this maintenance package at some 
later date, but not as a deliverable item under this specification.) A 
subset of these programs shall accomplish the preventive maintenance 
function discussed in 3.8.2.2.2.1 and 3.8.3.1.3. Because of its size, 

the total package may be stored on tape (drum or dise if feasible) with 
only a subset of the programs callable: for use by the off-line maintenance 
function at any time. These programs may also be used, when possible, 

in the event of a total system failure. These programs include a 
diagnostic capability and should not be confused with the Limited diagnostic 
capability of the operational diagnostics referred to in 3.8.3,3.1. The 
comprehensive maintenance programs discussed in this paragraph (3.8.3.3.2) 
shall diagnose failures and localize their precise’ source to the extent 
software techniques permit (e.g., failure of bit 10 of word 4010 of 

memory module B), All information pertinent to the failure shall be 
outputted to a printer or monitor/supervisory console, or both, 


320535325 Deliverable Maintenance Software Items.- The comprehensive 


off-line maintenance programs discussed in 3.8.3.3.2 (deleting any 
system--orlented peripheral requirements) shall be supplied by the 
contractoy, The on-line maintenance programs discussed in 3.7.3.2 and 
3.8.3,3.1 Will be integrated into the executive control program structure, 
but are nota deliverable item. As a minimum, the contractor shall show 
that his hardware configuration can perform the software functions 
described, 


3.8.3.4 Off-Line Test Equipment.- In line with the general maintenance 
approach of 3.6.3.1, off-line test equipment shall be provided to meet the 
MDI requirements stated in section 3.6. The exact nature of this 
equipment will be dependent upon the proposed hardware configuration and 
cannot be described in detail at this time. The off-line test equipment 
shall isolate commonly encountered failures without the support of the 
redundant elements. It may not be possible to verify the correction of 
such failures during peak traffic Loads because of the unavailability of 
redundant elements. When these inactive elements would be put back 
on-line would be dependent upon tne type -of failure, confidence in the 
failure correction, possible consequences to the operational ATC system 
if this element is not returned to an on-line status, and other factors. 


3.8.4 Maintenance Services.- The contractor shall provide maintenance. 
service for each system ordered for one year beginning within 90 days’ 

after preliminary acceptance, as ordered. The contractor shall provide 

all personnel and spare parts to maintain each CCC system on a 16-hour-a- 
day, 365-day-a-year basis to the level of performance and reliability 
required by this specification. Full system capability for full-load | 
Operation shall be available at least eight hours per day of the first shift. 
The medium-demand capability (50:+ 80% of peak load, of 3,6.1.1) shall be 
available forithe second eight hours per day. The contractor shall not use 
the remaining eight hours:per day for routine, maintenance, but shall 
perform his routine services during the regular 16-hour operational period. If 
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maintenance beyond the 16-hour period is required in order to have the system 
"on-line" for the following day's operation, the contractor shall provide the 
maintenance as required at no additional charge to the Government. 


3.8.4.1 Maintenance Log.- The contractor shall maintain a log of maintenance 
activities, outages, repairs, and spare parts used. Entries shail be reviewed 
and initiated by the Government's local technical representative. The 

contractor shall provide two copies of this log to the Government's local 
technical representative on a weekly basis. ter six months operation, the 
contractor shall summarize the requirements for spare parts, based upon the 
maintenance log entries, and provide 15 copies of a recommended spare parts 

iist to the Government for support of the system for the second year of operation, 
together with either approximate or firm prices. for all items. 


3.9 Installation..« The contractor shali dinstsll each system (305545 3.5.2, and 
32503) ordered at each site designated by the Government. AlL sites will be 
within the conterminous United States. Site preparation, including the 
furnishing and installation of any required air-conditioning, will be 
accomplished by the Government. The contractor shall provide the Government 
with two reproducibles and eight copies of all necessary site preparation: 
specifications six months in advance of a proposed site installation. The 
contractor shall furnish all services, installation materials and personnel, 
equipment, including contractor-owned test equipment (except Government 
off~line test equipment in accordance with 3.8.3.4), and tools to install 
and debug the system. Installation and workmanship shall meet the standards 
of all national codes for this type of equipment. Upon completion of 
installation, preliminary acceptance tests shall be conducted by the con- 
tractor and witnessed by the Government in accordance with section 4, Pre. 
liminary acceptance of the system at the Government-designated site will be 
made after approval of all preliminary acceptance tests by the Government. 
Final acceptance of the system will be made after tests during the first 
year of operation which demonstrates MUT and MDT.compliance; the reliability 
during the first year of operation following preliminary ucceptance will 
provide the data for this determination. The first year of operation will 
be concurrent with the one year of maintenance service, section 3.8.4. 


3.10 Design and Construction.- The overall design and construction shall 

be accompiished in a simple and straight-forward manner embodying the best 
engineering practices as applied to off-the-shelf equipment manufactured 

for a similar intended use. It is desirable that the equipment meet require- 
ments of ER-D-406-010 or appropriate MIL specifications, or both. 


3.11 Documentation.- The contractor shall provide all necessary services 
and material to develop and deliver documentation in accordance with 
requirements specified herein. 


3.11.1 Program Planning and Control.- The contractor shall institute and 


maintain a Program Planning and Control System. This system shall be an 

SROS NETWORK/MILSTONE presentation as described in Specification SRDS-1. 

As guidance, an FAA document, NETWORK/MILESTONE Techniques SRDS N/M-l, is 
recommended, 
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3.11.2 Documentation Contract Designation.- All documentation produced or 
updated by the contractor shall show the contract number conspicuously 
displayed on each document, including drawings, to facilitate identification 


and association with the contract. 


3.11.3 Quality of Reproducibles.- All reproducibles furnished shall be of 
such quality as to permit the reproduction of every line and character on 
the reproduced copy. Reproducibles of the sepia type shall have a minimum 
background or field density (no burned or dark areas). 


3.11.4 Contractor's Technical Reportse- The contractor shall furnish Type I 
Progress Reports in accordance with Specification SRDS-1 except as specified 
herein. 


3.11.4.1 Type I Progress Reports.- Delete paragraph 3.2,1 of SRDS-1 and 


substitute the following: 


3.201 Type I Progress Reports - The contractor shall prepare 
monthly Type I reports and submit ten copies to the FAA 
in accordance with Specification SRDS-1, 5.2, Pre- 
paration and submission of these reports shall commence 
the month following the date of contract and they shall 
be mailed no later than ten days following the reporting 
period. These reports shall include 4a concise statement 
of the work accomplished for the reporting period; sum- 
marize status of detailed design, fabrication, material 
orders and tests of any deliverable items; summarize 
meetings between the contractor and others participating 
in the program; discuss special problem areas, including 
solutions; and provide a brief statement of work planned 


for the next reporting period. 


3.2.1.1 A planned work schedule for the contract shall be 
submitted in the form of an SRDS NETWORK /MILESTONE 
presentation. ~ snall include the delivery schedule 
of all deliverable items and shall be revised as 
necessary in each report. Any delays which may affect 
the contract delivery schedules shall be fully explained, 


3.2.1.2 The front cover shall be of the same stock as used for. 
the text, and shall include title, type of report, contract 
number, release date, and preparation block. 


3.11.5 Design Data.~ The scope and complex inter-relationship of FAA deve lop- 
ment programs require early knowledge of the contractor's design approach, 
Therefore, the contractor shall, within forty-five days of contract,. provide 
ten copies of all data required hereunder to be submitted for design review, 
including the items specified in the subparagraphs below, to the FAA 
Contracting Officer's Technical Representative (COTR) for review and 


approval, The design data submission shall be organized to reflect the 
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contractor's approach to achieving compliance with the more significant 
requirements of the equipment specification. This submission of design data 
shall not be used by the contractor to propose modifications or alternates 

to details of the equipment specification or a change in scope of the contract. 
The design data referenced below shall include all elements of the equipment 
to be produced by the contractor under the terms of the contract, as detailed 
by the equipment specification and any addenda thereto, together with all 
interfaces with other equipment. A summary of equipment operational character- 
istics shall be included. 


3.11.5.1 Block Diagrams.- A complete set of equipment block diagrams shall 
be provided by the contractor. The block diagrams shall show the general 
operational, electrical, and. physical relationships of the equipment elements. 


— re — 


3e11.5.2 Information dgic Flow Diagrams. The contractor shall provide 

complete information 1 bow dfagranss These diagrams shall show the 

detailed logical, operational, and functional relationships of the equip- 
ment elements. Symbology used in these diagrams shall be fully explained 
in the basic document. 


3-11.5.3 Input/Output Details,- The contractor shall provide a document 


which consolidates all CCC-boundary input /output characteristics. This 
document shall include, but not be restricted to electrical characteristics 
of inter~system cables, signal characteristics and limits, and timing 
diagrams. All external system interfaces shall be included, 


3.12.5.4 Logic Diagrams.- Where logic circuits are proposed that are of 
unconventional design, the contractor shall provide logic diagrams and a 


summary of the particular design approach, 


3.11.5.5 Detailed Physical Description.- The contractor shall provide a 
detailed physical description of the equipment. This description shall 
include: weights, outline drawings, configuration, layouts, ventilation 
or air-conditioning requirements, cable entry and exit features, clearance 
factors, power requirements, and other special details which should be 
considered for installation, operation, and maintenance of the equipment. 


3.11.5.6 Design Review and Approval.- After receipt of the preliminary 
design, the FAA COTR shall review, and approve or direct any changes 
required in the design that are required to obtain conformity with this 
specification. The contractor shall change the design as necessary to 
conform with the requirements detailed by the FAA COTR and re-submit 
corrected revisions of the design data for approval within fifteen days 
after receipt of the design change requirements. In addition, the 
contractor shall, from time to time during the course. of the contract, 
revise portions of the design data as directed by the FAA COTR or as 
deemed appropriate by the contractor, subject to the approval of the FAA 
COTR. The contractor shall provide two reproducibles and eight copies of 
all such revisions to the FAA COTR no later than fifteen days from the date 
of approval of the revision, 
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3.11.6 Index of Drawings and Technical Memoranda.- The contractor shall 
maintain an index of all drawings and technical memoranda produced in cone 
nection with design, fabrication, and test of the equipment. This index 

shall be updated monthly and two reproducibles and eight complete updated 
copies shall be submitted to the FAA COTR with the progress report (Sel s4, 4), 
Drawings and technical memoranda produced in connection with the design and 
fabrication of off-the-shelf items which are in existence at the date of 
contract need be submitted only on a one-time basis with the first index, 

The contractor shall provide drawings or technical memoranda that may be 
requested by the contracting officer as listed by any index furnished in 


accordance with this requirement. 


3.14.7 Installation Documents.- The contractor shall prepare and submit ten 
coples of documents containing all necessary information required by skilled 
technicians and engineers to correctly install the equipment and initiate 
its operation, These documents may be selected data prepared under cther 
documentation requirements of the specification or previously prepared 
documents for installation of like equipment. Submission of these instal- 
‘lation documents to the FAA COTR shall be made forty-five days prior to 


delivery of equipment. 


3.11.8 Test Specification,- The contractor shall, ninety days prior to any 
equipment tests, submit for FAA review and approval a check list of recommended 
acceptance tests, descriptions, and data to be taken. FAA will review within 
thirty days. The contractor shali then prepare and submit two reproducibles 
and eight copies of a recommended vest specification to the FAA COTR for 
review and approval thirty days prior to any equipment tests. The test 
specification shall conform to the FAA modified or approved check list, and 
be a comprehensive document including all details necessary to assure that 
test procedures and testing will satisfactorily demonstrate equipment 
compliance with all functional, environmental, electrical, mechanical, and. 
reliability (other than MUT and MDT) requirements of the contract. The 
test specification shall provide a block diagram for the test configuration, 
a list of test equipment, and the machine programs which will be used, for 
the test. Although certain tests may be impracticable at the contractor's 
plant due to the unavailability of input data (real or simulated), the test 
specification shall be comprehensive and complete regardless of whetier 
tests are to be conducted at the contractor's plant or elsewhere after in- 
stallation, The contractor shail recommend and identify tests to be con- 
ducted at his plant and those he-recommends be conducted elsewhere. Each 
test shall reference the specified requirement, including the paragraph 
mumber and any applicable tolerance, and other documentation for which 

the test is intended to demonstrate compliance. The contractor shall 
netify the FAA COTR of proposed test dates for recommended contractor- 
conducted tests in accordance with notification for inspection, 4.6. The 
Government shall have the right to require such additional testing as may 
be needed to show compliance with this specification, 


3.11.9 Test Reports.- The contractor shall prepare and submit eight copies 
of recommended test data sheets to the FAA COTR for approval concurrently 
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with the recommended test specification. Test data sheets shall be com- 
plete with respect to all tests specified by the approved test specification, 
shall include the applicable test specification paragraph for each :test, and 
shall identify tests recommended to be conducted at the contractor's plant 
and those to be conducted elsewhere. Two reproducibles and eight copies 

of the test date sheets as approved shall be submitted to the FAA COTR. The 
contractor shall conduct applicable tests according to the approved test 
specification, recording results of the tests of the approved test data 
sheets, and submit two reproducibles and eight copies of test reports, to 
the FAA COTR within thirty days after completion of tests. 


3.13.10 Instruction Books.- The contractor shall furnish operation and 
maintenance manuals prepared in a careful and workmanlike manner in 
accordance with best practices (consistent with the intended use) as 
applied to similar manuals normally furnished for commerical equipment. 
it is intended that contractor standard commercial manuals, if suitable, 
be furnished, with supplemental material as necessary funished as addenda 
to the standard manuals or provided as supplemental or separate volumes. 


3eli.10.1 Contents. Each equipment item, i.e., memory, £0, computer, 
periperal-device adapter, motor generator (if required), voltage regulator, 
power supply, and each type of computer-oriented peripheral equipment 

shall be documented for operation and maintenance of the equipment. As 

& minimum, these manuals shall include (as applicable to each configuration 
ordered): maintenance schedules and procedures, including test points, 
complete logical and timing diagrams, schematic diagrams, compiete parts 
‘list, complete connection breakdown by pin, expected oscilloscope waveforms 
that describe normal operation of each unit, installation information 
required to correctly install the equipment and initiate its operation 
(including cabling and. connection diagrams and applicable information). 


3.i1.10.1.1 Preparation and Delivery of Instruction Rooks.- Ten copies 

of initial instruction book manuscripts (commercial manuals, if suitable, 
plus addenda per 3.11.10) shall be submitted to the FAA COTR for review 
and approval sixty days prior to delivery of equipment. In addition to the 
books furnished and shipped with equipment (3.11.10.1.2), one reproducible 
(3.11.10.1.3) and 100 copies of the final books shall be furnished thirty 
days after approval of the manuscript books and shipped to approximately 
five addresses in the conterminous U.S. in accordance with shipping in- 
structions to be furnished by the FAA COTR. Applicable corrections, 
additions, and deletions shall be made prior to printing of final books. 


3.i1.10.1.2 Instruction Book Delivery With Equipment.- One copy of the 
final instruction book for each unit of equipment shall be furnished and 
shipped with the equipment, except that the first unit of like equipments 
shall be accompanied wy five copies. 


3.11.10.1.3 Instruction Book Reproducibles.- The instruction book repro- 


ducible shall be on clean, white, smooth paper; drawings, photographs, or 
other artwork for illustrations shall be complete and ready for camera. 
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3,11.10.0 Programer. and Assembler Reference Manuels.- These manuals shall 
furnished in accordance with software documentation requirements (section 


Cables.- The contractor shall furnish all intra- and inter-unit cables, 
with cable connectors, required for factory test and for installation and 
esting of the equipment, including any special-purpose test cables required 
r routine maintenance. Where patch panels or plug boards are used in the 
uipment, the contractor shall provide adequate plugs or patch cables 

quired for normal equipment operation. Cables required for factory testing 
ay be the same as those required for subsequent equipment installation 

and testing. Cables between peripheral-device adapters and system-oriented 


peripheral devices are not to be provided. 
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34613 Cooperation and Coordination.- The contractor shall participate in 
meetings and conferences, and exchange technical data relating to the 
equipment performance and design compatibility with others as directed by 


the FAA COTR. 


3,14 Service Conditions.- The equipment shall be designed to operate and 
maintain specified performance in accordance with indoor service conditions 


as follows: 


(a) Energy Source: single-phase, 2-wire, 120 volts +10%, or 3- 
phase, h-wire, 120/20" volts +10%; 60-cps +2% (steady state), 
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3.15 Test Equipment and Tools.- The equipment shall be designed and 
fabricated so as to minimize any requirements for special test equipment 
and tools, Special test equipment and tools are defined as devices not 


readily availavie as commercial items. 


3.16 Weight.- The total weight of the equipment shall be a minimum con- 
sistent with good design and economics. If possible, individual chassis of 
the equipment shall not exceed 40 lbs to facilitate maintenance handling. 
Construction of equipment racks or housing shall provide for even floor 
‘loading distribution not to exceed 200 lbs per square foot, 


hk, QUALITY ASSURANCE PROVISIONS 


4.1 General.- The equipment shall be tested at the contractor's plant 
prior to equipment shipment (factory acceptance tests) and after instal- 
lation at the Government designated site (preliminary acceptance tests), 
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in accordance with the approved test specification (3.11.8), and compliance 
therewith shall be demonstrated, All acceptance tests shall be performed 
by the contractor and witnessed by the FAA. However, the FAA reserves the 
right waive witnessing of the complete inspection tests or any part 
thereof. If FAA witnessing of tests is waived, the contractor shall furnish 
certified test data showing the results of all such tests. In any case, 
factory acceptance by the FAA will not be made until test data, certified 
to be true and correct by a properly-authorized official of the company, 

and notarized, has been submitted and approved by the FAA, 


4.2 Acceptance Tests 


4.2.1 General.- The contractor shall perform factory acceptance and pre- 
iiminary acceptance tests necessary to demonstrate that the equipment fully 
meets the requirements of this specification. The contractor shall furnish 
all test programs necessary to adequately test the CCC. Government-furnished 
equipment will not be provided for factory acceptance tests, except any 
deliverable items under the contract may be used. 


4.2.2 Factory Acceptance Tests.- Factory acceptance tests shall be divided 


into four sections: 
(a) Quality Control Inspection 
(ob) Functional Tests 
(c) Radio-Interference and Susceptibility Tests 
(ad) Pre-Delivery Exercise 


4.2.2.1. Quality Control Inspection.- This inspection shall include all 

checks and tests deemed necessary to ascertain that the equipment meets 

highest commercial standards and all applicable requirements of this and 
reference specifications. 


4.2.2.2 Functional Tests.- The contractor shall demonstrate compliance 
with applicable sections of this specification, Tests shall consist. of 
unit tests and integrated system tests, 


4.2.2.3 Radio-Frequency Interference and Susceptibility Tests.~ The 
contractor shall demonstrate that the equipment will satisfy the basic 
limits of interference and susceptibility tests as specified in 4.3.2, 
K3.4.12.1, 4.3.4.1.2, and 4.3.4.2 of MIL-I-26600 (USAF) and Amendment 
No. 2 thereto, 


4.2.2.4 Factory Acceptance Exercise.- The CCC shall be exercised for a 


minimun period of 120 consecutive hours, meeting all specified requirements 
under existing ambient conditions of temperature and humidity. Maintenance 
schedules and allowable errors for this factory acceptance exercise will 

be determined when the check list of recommended test titles, descriptions, 
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end data to be taken (see 3.11.8) 1s submitted. During the factory ac- 
ceptance exercise the CCC shall be operated at the upper workload limit of 
high capacity (3.6.1.1) for a minimum aggregate time of 12 hours per 2k. 
hour period, and at the upper workload limit of medium capacity (3.6.1.1) 
for a minimum aggregate time of 6 hours per 24-hour period. The CCC shall 
be tested for a total of 6 hours with its power supplies adjusted for low 
margin voltage, 6 hours with its power supplies adjusted for high margin 
voltage, and for 6 hours with its power supplies adjusted so as to make the 
system most susceptible to electrical noise. The remainder of the 120-haur 
period shall be with its power supplies adjusted for normal voltage. 


4,.2.2.4.1 Test Routines.- The contractor shall prepare and debug adequate 
computer programs to exercise the equipment as described in 4.2.2.4 and 
collect the statistical information required in 4.2.2.4.3. These programs 
shall exercise all technical features of the equipment, all logic blocks, 
all computer commands, all data transfer channels, and all error checking 
circuits under worst case data conditions where known. All programs. shall 


be supplied on magnetic tape and punched cards. 


4.2,.2.4,2 Reconfiguration Check.- A program shall be prepared, debugged 
Recognizing 


and successfully run on the CCC to demonstrate reconfiguration. 

that the final program for reconfiguration will be interwoven with the 
executive control and operational programs, the program prepared for this 
reconfiguration check need only demonstrate reconfiguration on the following 
simplified basis. As failures of elements are simulated, the program shall 
cause the CCC to "fail-safely", i.e., as elements fail they are deactivated 
and the program shall readjust the roles of the active and redundant elements 
so that operation is maintained at the same level as prior to the failure. 

As failed elements are returned to service, with suitable manual notification 
if required, the system shall return to normal system redundant /active 
element status. The Government inspector shall be able to drop or return 
elements at will during. this test as long as two or more elements of the 

same type are not down simultaneously. Transition times shall be in accord- 
ance with 3.6.3.2. Additionally, as the failure of more than one element 

of the same type is simulated, the program shall provide an indication of the 
configuration status so that a status table of operable elements is available 


in shared memory at all times. 


42.2.4.3 Error-Recording Rowtine.- An error-recording routine shall be 


provided which furnishes a printout of at least the following: 
{a} Running time of routine and running time to failure; 
(bo) The routine in which the error occurred; 
(ec) The instruction on which the error occurred; and 


(a) Contents of all registers. 
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For errors which do not set indicators advising montltoring personnel of each 
error, the following additional information will be required: 


(a) An indication of error with as much data as practical 
related to error type and source; 


(b) Data or results that should have been obtained on the 
erronous data or performance actually obtained; and 


(ec) Such other information as might be important for counting 
and evaluating errors. 


4,2.2.4.4 Program Counter.- After each pass through each series of computer 
routines, the following printouts shall occur: 


(a) Pass number; and 

(b) Elapsed running time. 
4.2.3 Preliminary Acceptance Tests.- Preliminary acceptance tests shall be 
conducted after installation (3.9) and consist of all or portions of tests 
specified by the test specification (3.11.8) or other tests as required to 
show compliance with specified requirements. 


4.2.4 Test Program Documentation.-~- Each program which is used in the 


acceptance test shall be documented with the following information: 
(a} English language description of program and its purpose; 
(b) Symbolic listing of operating instructions; 


{c) Expected printouts under normal conditions and expected 
printouts under error conditions; 


(a) Flow chart; and 
{e) Running time. 


4.2.4.1 Delivery.- Two reproducibles and eight copies of the test program 
documentation snall be delivered to the COTR thirty days prior to factory 
acceptance tests, 


4.2.5 Software Acceptance Tests.- Software acceptance tests shall be 
conducted as part of the functional acceptance tests. However, the delivery 
of software shall be in accordance with schedules stated in section 3.7. 


4.2.6 Test Records.~- The contractor shall record complete and accurate 
information during the test on suitable data sheets or in log books, 
including the following information for each error; 
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(a) Unit name and serial number; 
(b>) Error number; 
{c) Date and time of error incidence; 
(d) Time of recovery; 
(e) Complete description of error; and 
(f) Type of error (detected or undetected). 


4,3 Maintenance Records.- During pre-test debugging prior to and during 
factory and preliminary acceptance tests, a complete maintenance log which 
lists all malfunctions, their location in the system, and how they are 
repaired shall be kept. Odd situations, such as cases in which malfunctions 
disappear for reasons not clearly understood, shall also be recorded. Three 
copies of this record shall be furnished to the COTR at the completion 


of preliminary acceptance tests. 


4,4 Test Equipment.- The contractor shall provide contractor-owned test 
equipment for contractor-performed factory and preliminary acceptance tests, 
except off-line test equipment to be provided in accordance with 3.8.3.4 


may be used. 


4,5 Inspection of Design and Fabrication Status.- Upon request from FAA, 
the contractor shail make available for review at his plant, at any stage 

of the contract, all information regarding the design and fabrication status 
of the equipment being manufactured to this specification. 


4,6 Notification of Readiness for Inspection.-~ Notification of readiness for 
inspection shall be sent to the FAA Contracting Officer's Technical Represent- 
ative at least ten days prior to the desired inspection start date, 


4.7 Facilities for FAA Inspector.~ When an FAA inspector is assigned for 
resident duty (two weeks or longer) at a contractor’s or sub-contractor's 
plant, the contractor or sub-contractor shall provide the FAA inspector with 
a desk and file cabinet (with a lock on each), a typewriter, use of telephone 
(located, at the desk) for official business in connection with the contract 
(cost of long-distance calls made by the inspector to be borne by FAA), and 
sufficlent working space to permit him to perform his required duties | 
adequately. Similar facilities: shall be afforded inspectors assigned for 
periods of 1 to 13 days except that the file cabinet is not required. 


5. PREPARATION FOR DELIVERY 


5.l General,~ The contractor shall make all arrangements for shipment and 
delivery of the! equipment and other contract items, FOB destination, 
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6. 


NOTES 


6.1 Appendices 


Appendix A: 


Appendix B: 


Appendix C; 


Appendix D:; 


wl. 


Determination of Adjustment Factors for Computing 
Time, Program Length, and Data Length 


Date, Processing Tables for the 325 Flight 


Configuration 


Table Bela - 
Table B-lb - 
Table Bele - 
Table B-2a - 
Table B-2b.- 
Table B-2c + 


‘Table Be3a - 


Table B-3b ~ 
Table B-3c « 
Table B+ « 


Primary Storage Chart, Plight Plan Processing 
Primary Storage Chart, Surveillance Processing 
Primary Storage-Chart, Output Processing 

Input /Out put Transfers, Flight Plan Processing 
Input /Output Transfers, Surveillance Processing 
Input /Owtput Transfers, Output Processing 
Timing Data, Flight Plan Processing 

Timing Data, Surveillance Processing 

Timing Data, Output Processing 

Number and Characteristics of External 
Devices--325 Flight: Configuration 


Data Processing Tables for the 200 Flight Configuration 


‘Table Cela - 


Vable C~lb - 
Table C-le = 
Table C-2a - 
Table C-2b - 
Table C-2c ~- 
Table C-3a ~ 


Table C-3b - 


Table C-3c - 
Table C-} - 


Primary Storage Chart, Flight Plan Processing 
Primary Storage Chart, Surveillance Processing 
Primary Storage Chart, Output Processing 
Input/Output Transfers, Flight Plan Processing 
Input/Output Transfers, Surveillance Processing 
Input/Output Transfers, Output Processing 
Timing Data, Flight Plan Processing 

Timing Data, Surveillance Processing 

Timing Data, Output Processing 

Number and Characteristics of External 
Devices-~~200 Flight Configuration 


Data Processing Tables for the 100 Flight Configuration 


Table D-la- 


Table D-lb. - 
Table D-2a - 


Table D-2b - 
Table D-3a + 


Table D-3b - 
Table D-4 - 


Primary Storage Chart, Input-and Surveil- 
lance Processing ; 

Primary Storage Chart, Output Processing 

Input/Output Transfers, Input and 
Surveillance 

Input /Output Transfers, Output Processing 

Timing Data, Input and Surveillance 
Processing 

Timing Data, Output Processing 

Number and Characteristics of External 
Devices--100 Flight Configuration 
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Appendix E: Deseription of Data Processing Functions 


Appendix F: Technical Proposal Format and Content 


6.2 Definitions 


Active Element - See 3.6.2.4 


Computer-Orlented Peripheral Device ~ A peripheral device of 


Element 


Fail Safely 


Fail Softly 


Mean Down Time 
(MDT) 


Mean Up Time 
(MUD) 


Mode Change 
Mode Failure 


Mode of 
Operation 


Non-Clearing 
‘Error 
Off-the-Shelf 


Redundant 
Element) 


a type that is commonly used with computers 
and which would normally be procured from a 


computer manufacturer, €.g., card punch, card 
reader, magnetic tape unit. 


Any portion of the CCC system.which, under program 
control, may be deactivated and replaced by an 
identical redundant portion. 

Operation unaffected by an element failure by 
virtue of activation of a redundant element. 
See.3.6.1 

A reduction in the rate at which ATC functions are 
performed and/or the dropping of less vital funct- 
ions as necessitated by the failure of an element 


ae Which no redundant element is availeble. See 
36 ol 


See 3060207 


See 3.6.2.7 
See 3.6.2.3 


See 3.6.2.2 

See 3.6.2.1 

An error that persists when the operation. is 
repeated a second time. 


See 3.2.1.1 


See 3.6.2.5 and 3.8.2.1.2 


PAA-~ER-606-063 ~he- 


Self-Clearing 
Error -~ An error that disappears when the operation 


is repeated a second time, 


System-Oriented - A peripheral device, provided by the Government, 

Peripheral having special requirements not satisfied by 

Device computer-orlented peripheral devices, e.g., 
RVDP, plan~position and tabular displays. 


Transient 
Failure: - See 3.6.2.6 


6.3 Alphabetical Index 


Pitle Paragraph Page 
Acceptance Tests 4.2 36 
Alternative to Buffering on Drums ge4.1.1 15 
Applicable Documents Be 3 
Bounds of the CCC 3.1.2 4 
Cables 3.12 35 
Card Punch 3-2.129.3 9 
Card Reader 342212922 9 
Gonubancorientad Peripheral Devices 3.2.1.9 8 
Conditional Operations 3.3.2.4 13 
Configuration for 325 Flights 3.561 17 
Configuration for 200 Flights 34502 LT 
Configuration for 100 Flights 345.3 LT 
Control and Maintenance Elements 3-2.1.10 9 
Data Flow 33.2.3 13 
Data Processing Functions, Organization, 

and Loads 3.3 ii 
Deliverable Items 1.2 1 


Detailed Reliability Requirements 3.6.3 20 


Title 
Design and Construction 
Design Data 
Documentation 

Diurnal Load Variations 
Error-Detection Logic 
Expandebility 

‘Pactary Acceptance Tests 
Hardware Requirements 
inputting and Outputting 
I/O Channel Capabilities 
Instruction Books | 
Installation 

Magnetic Tapes 
Maintenence Definitions 
Maintenance Log 
Maintenance Programs 
Maintenance Programs 
Maintenance Requirements 


Maintenance Services 


Mean Down Time--Mean Up Time 


Mean Time Between Failure 


Modular Hardware Design 


Off-Line Maintenance Programs 


Off-Line Test Equipment 


Off-the-Shelf Elements 
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Paragraph 
s.20 
3.11.5 
3.41 
356.150 
3.2.1.10.2 
3.2.1.6 
4.2.2 
362 + 
3.3.2.2 
3.2.2.7 
3.11.10 
3.9 
5.26ke9ed 
3.8.2 
3.8.4.2 
3-73 
3.8.3.3 
3.8.3 
3.8.4 
3.6.2.7 
3.6.3.5 
3.2.1.2 
3.8.3.3.2 
3.8.3.4 


3.2.1.1 


FAA-ER-606-063 
Page 
30 
31 
30 
18 
11 
8 
36 
2 
13 
8 
3h 


29 
29 
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On-Line Maintenance 
On-Line Maintmance Programs 
Operation at Reduced Demand 
Parity Check Feature 
Peripheral Data Buffer Approach 
Peripheral-Device Adapters 
Power Supply Units 
Preparation for Delivery 
Preventive Maintenance 
Printer 
Programerts Reference Manual 
Quality Assurance Provisions 
Radio-Frequency Interference 
Reconfiguration Check 
Reconfiguration Time After Failures 
Redundancy of CCC Elements 
Reliability 
Reliability Definitions 
Reliability for Mode Al 
Reliability for Mode Cl 
Sequence of Functions 
Service Conditions 
Shared Memory 
Software Support 


Storage, Input/Output, and Computing 
Time Requirements 


Paragraph 
3.8.3.1.61 


368.3-3e1 
3.32266 
3.2.1.5 
3.4 

3.4.2 
3.2.2 

5. 
3.8.3.143 
3.2.1.9.4 
3.742 

4, 

3.2.3 
4.2.2.4.2 
36643.2 
3.2.1.4 
3.6 

3.6.2 
3.66363 
346.304 
32322.5 
3.34 
3.2.1.8 


3.7 


343.3 


22 


14 


Storage Tradeoffe 

System Configuration Requirements 
System Maintenance Requirements 
System Organization Requirements 
Table Storage 

Test Reports 

Test Specification 

Transient Failure 


Use of Two Types of Data-Processing 
Machines 


Utility System 


Attachments: 


Figures 3-1 and 3-2 
Appendices A through F 


Paragraph 
343261 
365 

3.8 

34302 
3-363-1 
3211.9 
3.11.8 


3.6.2.6 


Sueote3 


3eTol 


22 


Digitized Radsr and Beacon Data 


Controller Fuskbuttou Data 


Alpha-Rumeric Keyboard 


interfacility Data Link 


INPUTS OULPORS 
| *Ferlpheral Devices *Periphereal Devices 

Adepters Adapters 
Computing, 
Memory, 
and 1/0 

x) *Peripheral Devices i eee (Peripheral Devices Adapters for the 
Adapters displays are got a part of this 


pecification} - 


*Peripheral Devices 
Adapters 


*Peripheral Devices 
Adapters 


*Peripheral Devices 
Adapters 


*Peripheral Devices 
Adapters 


*Peripheral Devices Adapter is defined as 
multiplexers, scanners, buffers, or data 
tranzfer and formutting equipment that is 
required to properly interface. the 
peripheral equipment with the 

eonputer 1/0 modules. 


Cexaputer -oriented 
Peripheral 
Equirment 


Equipment within this block ts a part of the Ceatral Computer Complex snd is required as e 
vart of this specification. The exact configuration and quantity of equipment will vary 
depending upon the three functionnl and loading configurations specified in paragraphs 
25,1, 4.5.2, ami 3.5.5. 


Figure B-L: bout: oF the CENTRAL COMPUM ir COMPLEX. 
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APPENDIX A 


DETERMINATION OF ADJUSTMENT FACTORS FOR COMPUTING TIME, 


PROGRAM LENGTH, AND DATA LENGTH 


1. Sunmary.- Each bidder is required to show that each of his proposed 

CCC configurations can adequately handle the data-processing loads described 
in this Specification and its appendices. The data-processing requirements 
are formulated in terms of computing time, program length, and data table 
length that apply to the computer of an existing experimental system, which 
cannot process the amount of data required for the specified peak traffic 
demand within the specified response time. Using the process outlined in 
this appendix, define the adjustment factors that will be used to scale 

to your CCC configurations from the program length, computing time, and 
data word length required in the computer of the experimental system. Each 
proposed CCC configuration must satisfy the adjusted data-processing 
requirements within the specified cycle time of 2.5 seconds. 


Sample Problems.- Published data for the effective computing speed of 
Ee available computers are ambiguous since computing speed as 
such (i.e., execution time of specified instructions) is not of primary 
importance. The ability of the central processor to speedily execute specific 
processing tasks is important. A data-processing problem set has been 
defined, encompassing the arithmetic processes important to the data- 
processing tasks of the air traffic control system. For convenience the 
total problem set is stated as eight short problems, plus other analyses 
of capabilities as defined in sections 8.1 and 8.2 of this appendix. The 
eight problems have been coded on the computer of the experimental system. 
The results--program length and running time--are stated in 3. of this 
appendix. Each bidder must provide the following information in his 
proposal in order to evaluate the capability of his proposed CCC configura- 
tions to meet the stated workload requirements. 


2.1 Non-Parallel Processing.- Code each problem for processing. by. & single. 
computing elem supply. ‘the.coded..solution., This information will be 
used to referen computing capability of your computing elements and 
must be supplied regardless of what method of processing you propose for 
your CCC configurations. 


(a) Your coding should be consistent with the size of your 
i primary memory element, i.e., if your primary memory consists 
of several elements and the element size is small} it 
is invalid to process all sample problems entirely within 
one element. Distribute the environment for the problem-- 


-where applicable--in serveral elements. 
(Cem 


toeeue ¥" 
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(vo) Calculate or measure the running time for each problem, 


(c) State the running time and program length for each problem, 
and explain how these were derived. 


obtained from the problems to define the 

)}, Computing Time (CTAF), and Data Word 
ajustment.. Factors that apply for single 

ing element processing as specified under Section 5. 
of this appendix. 


(4) 


2.2 Parallel Processing.~ For each configuration for which the bidder 
proposes parallel processing, the bidder shall determine appropriate 
adjustment factors. These adjustment factors must be determined without 
using any redundant (see 3.6.2.5 of specification) elements, i.e., the 
redundant elements are assumed to be non-existent for the purpose of 
determining the computing capacity of a proposed configuration. 


(a} Depending on the proposed executive structure, the bidder 
shall determine adjustment factors for the proposed 
configurations whereby more than one computing element 
executes only one function simultaneously. 


(o) Alternately, the bidder shall determine adjustment factors 
that apply to any one computing element when each computing 
element processes a different function simultaneously. 


The bidder is asked to show in detail how he determined these adjustment 
factors. The bidder must account in both methods for the delay introduced 
when more than one processor attempts to access any shared memory. 


3. Results of Experimental System.- The following table states the results 
of the problems for the computer of the experimental system. The program 
length includes all necessary constants and masks. On the experimental 
machine, 1 instruction = 1 computer word. 
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Problem Running Time Program Length 
| (usec) (Instructions) 


4. Processing Capability of the Experinental System.- The data processor of 


the experimental system is characterized as a single-address, fixed binary 
point, single t/o channel, general-purpose, digital processor. 


(a) The processor contains a random-access ferrite-core memory of 
approximately 69,000 words. Hach word contains 32 information 
bits. The basic core cycle time is 6 usec. 

(o) The processor of the experimental system contains four index 
registers. In addition, the right accumulator register can be 
used for address modification. 


(c) The standard instruction execution time is 12 usee with the 
following exceptions: 


(1) Store Class instructions are 18 usec. 
(2) Load Class instructions average 8 usec. 


(3) Branch Class instructions average 6 usec. 
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(4) Multiple instruction takes 16.5 usec, and 


(5) Divide takes 51 usec. 


(ad) The instruction repertoire consists of 58 single-address fixed- 
point instructions. 


(e) All arithmetic registers are split into two registers each with 
15-bits plus sign bit. Arithmetic commands operate on either half 
of or the full (not coupled) accumlator. 


(f) The processor operates in conjunction with a drum system con- 
taining a total of 75 drum fields. Each field is capable of 
storing 2,048 words. The average access time for a,drum is 10 
milliseconds and word transfer time is 10 usec. 


5. Adjustment Factors.- For 5.1 (CTAF) and 5.2 (PLAF), determine separate 
adjustment factors using non-parallel processing, and parallel processing if 


proposed. 


5.1 Computing Time Adjustment Factor (CTAF 
8 1/8 
Ty 

CTAF= ae 

Ey 
i= 
where: Ty = running time for problem i on proposed CCC. 
By = running time for problem i on computer of experimental eystems 
.2 Program Length Adjustment Factor (PLAF 


| 


1/8 
ty 
x 


, = program length for problem i on the proposed CCC. 


X. = program length for problem i on the computer of experimental 


system. 
5:3 Data Word Length Adjustment Factor (DLAF) 
DLAF = 32 


word length of the proposed CCC 
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S. Comment.- Your are allowed reasonable freedom in the manner in which you 
choose to code the sample problems. ‘Thus your coding may be efficient in rum 
ning time at the expense of program storage space or vice veras. The capa- 
bilities of a particular CCC complex will dictate the desired emphasis. 


6.1L If you judge that the stated environment of any problem results in an un- 
reasonable inefficiency for your CCC, you will be allowed to restate the 
environment before coding and timing the problem. Should the restated en- 
vironment assume a less densely packed table structure, you must adjust for 
this fact when determining the DLAF. In any case, the problem as originally 
stated must be coded, timed, and the results supplied to support your judgment. 


7. Problem Statements.- The eight problems are described below. Each was 
chosen to represent a particular type of data manipulation representative of 
the data processing tasks of the air traffic control system, 


Problem No.1: Conditionality Testing and Counting 


In > 


Character Testing and Moving of Data 
3 Bookkeeping - Transfer Tables 
4 Floating Point Arithmetic 
5) Single Bit Testing 
6 Fixed Point Arithmetic with Byte Manipulation - Dual 
~ Arithmetic 
7 Two Bit Testing and Depositing of Data 
8 Indexing and Chaining of Data 


8. Data Transfer Capability and Effect on Computing Speed.- The results of 
this section do not affect any adjustment factors. This data is desired to 
aid only in the evaluation. It is intended to yield a quick means of grossly 
comparing the data transfer capabilities of a number of proposed equipment 
configurations. The bidder is asked to supply actual timing data or computed 
times for the stated problems. 


8.1 Input/Output Transfers.- Described below are five input/output transfers. 


Those transfers applicable to your proposed configurations are to be used in 
determining the data asked for in sections 8.1.1 and 8.1.2. 
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(a) Transfer a 6209* word block of data starting from 100g on 
drum field XX to core memory. The data is to be placed 
in core memory locations 20g thru 637,. At the time the 
I/O command is given assume that the drum read heads are 
just passing over location 101g. 


(b) Transfer a 620g word block of data starting from location 
640g in core memory to drums. The data is to be placed 
in drum locations 20g thru 6373 on drum field YY. At the 
time the I/O command is given assume that the drum write 
heads are just passing over location 21g. 


(c) Write a 620g word record on tape drive #1. ‘The data is 
in core memory locations 1460g thru 2277g. Assume that 
the tape is at the load point. 


(a) Transfer a 620g word block of data from any other bulk 
storage medium, other than drums or tapes, proposed in 
your system into core memory locations 2300g thru 3117g. 
For purposes of calculating transfer time assume average 
access time to this storage device. 


(e) Transfer a 620g word block of data contained in core memory 
locations 3120g thru 3737g to any other bulk storage medium, 
other than drums or tapes, proposed in your system. For 
purposes of calculating transfer time assume average access 
time to this storage device. 


8.1.1 Individual Transfer Times.- For each of the five transfers described 
above, which apply to your configuration, you shall calculate the total time 
required to perform the transfer. The total shall include the time required 
from the moment the I/O command is given to the completion of the transfer. 


8.1.2 Simultaneous Transfer Times.- Calculate the minimum time necessary to 
simultaneously complete transfers a, c, and e for each of the three proposed 
system configurations. If any proposed configuration is not capable of 
simultaneous I/O transfers, sum up the times calculated for the individual 
transfers. 


8,2 Effect on Computing Speed Due to Simultaneous Transfer of Data.-.Problem 2 - 


Character Testing and Moving of Data, of section 7. is placed in memory location 
100g and beyond. Location A and B of that problem shall be 2008 and 2hog,. 
respectively. A block of data 150019 words long is to be transferred from 

your secondary storage medium into core memory. 


8.2.1 State the amount of time required to execute problem 2 when the 130015 
word block transfer is started before commencing with problem 2 and continues 
while problem 2 is executed. The data is to be placed in memory location 300, 
and beyond. 


* Subscripts indicate number system used. 
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8.2.2 State the amount of time required to execute the probelm of 8.2.1 when 
the date is to be placed in memory location 10400. and beyond. (It is 
anticipated that problem 2 will be finished beforé the transfer is completed.) 
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Problem 1 - Conditionality Testing and Counting 


Consider a multi-block parallel table with 100 entries. In one 
block there is a one-bit item called INDI. In the low order 

6-8 bits (choose a number convenient to your machine) of another 
block is a counter, CNTR. For each entry in which INDI = 1 and 
CNTR is not all i's add i to CNTR. Time the case for processing 
the 100 entries when. 


a} Entries 0 through 29 have INDI = @, CNIR = @ 
b) Entries 30 through 59 have INDI 1, CNTR = all l's 
c} Entries 60 through 99 have INDI 1, CNTR # all lts 


i 


SUGGESTED FLOW DIAGRAM: 


SET UP 
FOR 100 
CASES 


CNTR_ ail 
n 


ones? 


UN 


ADD ONE 
TO CNTR 
n 


100 CASES 
DONE ? 


EXIT 
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At location A, there is a string of not more than 15 characters 
ending with the character "/". Each character will be 6-8 bits. 
(Choose a number convenient to your machine.) Move the string 
excluding the "/" to location B, and leave the character count 
in an index register. Time the case where LO characters precede 
the slash. 


SUGGESTED FLOW DIAGRAM: 


START 
Set Ix Reg 


to ZERO 


a1 


eet 
| GET NEXT 


CHARACTER FROM 
LOCATION A 


{S iT 
A SLASH ? 


LS EL A SN 7 a NEEL 


STORE IN 
NEXT SLOT IN 
LOCATION B 


mA nates’ 


ADD ONE TO Ix REG 
SET UP FOR NEXT 
CHARACTER 


FAA~ER- 606-063 


“ALO 


Problem 3 - Bookkeeping - Transfer Tables 


Consider a two-block (block A and block B) parallel table 


with 10 entries each. For each entry in block A and its 
corresponding entry in block B find the leftmost 1 bit of 
the “exclusive or’ combination of the two entries. 


Clear 
the corresponding bit of the entry in block A to positive 


zero and transfer to a subroutine corresponding to this 
bit position. The environment consists of: 


LLLiil...411 
L1i1141...111 
Liliii...1L1 
LLI1il...111 
LLi2liL...11) 
c0c000...d00 
000000...000 
000000...000 
000000...000 
000000...000 


ie) 
l 
2 
3 
4 
5 
6 
7 
8 
9 


NOTE: Analysis of the stated environment shows that 


111100000...000 
111110000...000 
LIL1L11000..,.000 
LLL1L11100...000 
LILLLLLLO...000 


OCOOCOOOOLLALI,..111 
OOOoOOOOOOL1LII...111 
QOOOOOOOOCOL1I...111 


oocooeo00000dll.. 
oooo000c0acddl.. 


only the leftmost 14 bits are significant. 


-Lil 
e111 


~All- 
SUGGESTED FLOW DIAGRAM: (Problem 3) 


SET UP 
FOR TEN CASES 
IxR m 


COMPUTE LOGICAL 
PRODUCT (EXCLUSIVE "OR") 
OF An AND Ba 


RESET COUNTER 
AND IxR n 


ADD ONE TO COUNTER 
SET UP FOR NEXT BIT 


SET TO POSITIVE ZERO THE 
CORRESPONDING Bit. of A 
m 


0 TO SUBROUTINE 
AND 
RETURN 


10 WORDS 
DONE ? 
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SUGGESTED ALTERNATE FLOW DIAGRAM: (Probiem 3) 


SET UP FOR 
TEN CASES 
IxR m 


RESET COUNTER 
AND IxR n 


ADD ONE TO 
COUNTER 
SET UP FOR 


RESET 
CORRESPONDING 
Bit. of A 

n mn 


TEN WORDS 
DONE ? 


EXIT 
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Problem 4 - Floating Point Arithmetic 


Consider an 8-block table with LOO entries. For every entry A, B, 
C, D, E, and F are full normalized floating point numbers located 
in block 1 through 6 respectively. For every entry find: 


G= (A-B)* + (c-p)* 
and store in block 7. Compute 
H = (G/E) x¥ 


and store the resuit in block 8. Assume that all necessary 
"oreshifting" is within the free range of your computer. If the 
time required to execute floating paint instructions is a variable 
in your machine, choose entries A, B, C, D, BE, and F such that the 
average instruction execution time is obtained. 


FAA~ER- 606-063 -Al4- 
FP ve oe 


Problem 5 - Single Bit Testine e 


The table environment consists of: 


TABLE I -- 40 Registers 


3.4 5 6 7 8 __ ee Ll es 13 ea 15 ahs 


200...219 
220.,.224 
225...229 


230...239 


n = word length of your computer. All unmarked bits 
contain information which must not be destroyed. 
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TABLE II -- 500 Registers (Problem 5) 


ee 


Block 1 


7 8 9 .10 11 12 13 14 15 16 


res] taat |i. 


Block 2 


10 11 12 13 14 15 16 


23 4 5 6 7 8 9 
he Ea we eee 


1 


|S 


yy ® 
ce : 
¥9 v) 


10 11 12 13 14 15 16 


n= word length of your computer. All unmarked bits contain 
information which must not be destroyed. 
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2 2 
= 2 


TSTS { URAL 


KDFP KFPS. (LRAL [MAMA [PTCH |SSFP | SUST 


ITEM VALUES FOR TABLL .1 (Problem 5) 


APRI | ASEP | BABY | CSS1 


on 
© 
oy 
t 
Oo 
wf 
N 


227-229 
230-232 
233-234 
235-236 
237-239 
240-248 
310-359 
360-399 
400-436 
437-439 
440-476 
477-479 
480-489 
490-499 


REGISTER(S) 
200-219 
221-224 


lank spaces equivalent to poSitive zero) 
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TABLE III -- 12 Registers Si - T$12 (Problem 5) 


een ree ntnnsnenennttatittreentennng 
a 6 7 8 9 10 11 12 13 14 15 16, my 
TEMPORARY STORAGE 


n = word length of your computer. 


PAA~ER~606-063 


“Al 


Problem 5 - Problem Statement 


1,0 


In all cases 


* 
1.1 I£ MERI. #1 
ie-2 TE MPRI = 1 
1.3 1£ SPRL, = 
1.3.1 If MANU, 
1.3.2 Lf MANU, = 
1.4 UsciSPRI, = 1 
1.5 Ié SSFPLoNs., = 
lf SUST Kons | = 
If TSTS.ons_ = 
1.6 Otherwise 
1.7 If BABYyons -* 
lf MAMAL ONS, = 
1.8 If T85 = TS6 
1.9 Otherwise 
1.10 Tf CSST ons, = 
L.1li if TSTS rons, = 


u 
S 


f 
~ 


I 


®@ or 6 


Bu 


Set to check MPRI for n cases: n = 40 


Go to 1.14 
Set: TSlen 
TS2 = KQNS, 
**Ts3 - TS12 = 0 
Set: TS3 = 1 
Set: MPRI, = ® 
Set: MPRI, = 2 
TS4 = 1 
Set: MPRI, = 2 
TS4 = | 
Set: MPRI = 6 
re 
Go to 1.14 
Set: APRIKQNS, = @ 
TS5 = LRAL NS 
TS6 = URALY ong. 
Set: TS7 = PICH ONS, 
Go to 1.14 
Set: TS8 = TSS ~ ASEP, 
TSS = TS6 + ASEF 
Go to 1.13 
Set: TS10 = 1 
Go to 1.13 


* 
Subscripts indicate values used to get relative location in tables. 


we ; 
TS = Temporary Storage, all items stored in temporary storage are to 
be stored right justified. 


1.12 Otherwis 


& 


1.13 In all cases 


1.13.1 


1,13.2 


1.13.3 


1.13.4 


1.13.5 


1.13.6 


1.13.7 


1.14 If 40 cases have not been checked 


1.15 Otherwise 


IF 
tf 
If 
If 
Tf 


If 


Tf 


Otherwise 


KFPS 
KDFP 
SSFP. 
SUSL 
TSTS 


CSsi, 


TSTS, 


vy aS 8S G&G we 


“AlG- 


and 
and 
and 


and 


or 6 


If TS11 = @ or KQNS, 


Otherwise 


or PTCH, 


If 500 channels have 
not been checked 


FAA~ER-606-063 


Set TS10 = 2 


Set up to check k channels. 


Set: 


Go to 


TSil =k 


1.13.5 


Set: TSi2 = 1 


Go to 


1.13.5 


Set TS12 = 2 


Go to 


Go to 


1.13.7 


Subroutine A, 


Return to 1.13.7 


Then: 
Ge to 


Then? 
Go ta 


EXIT 


Set for next channel 
1.13.1 


Set for next case 
lei 


ks 


500 
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SUGGESTED FLOW DIAGRAM: (Problem 3) 


SUGGESTED FLOW DIAGRAM: (Problem 5) 
‘Continued) -A2i- FAA-ER-606+063 


TS7 = 
PTCHKQNS 


YW NO 


PAA-ER~ 606-063 ~A22¢ 
SUGGESTED FLOW DIAGRAM: (Problem 5) 


(Continued) 


SET UP TO 
CHECK 500 
CHANNELS 


SUGGESTED FLOW DIAGRAM: (Problem 5) 
(Continu:d} 
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500 CHANNELS 
CHECKED? 


SYES 


TS11 = KQNS 2 


40 CASES 
CHECKED? 
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Problem 6 - Fixed Point Arithmetic 
The environment consists of: 


TABLE I -~- 500 Registers 


Block 1b 


§ 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 


ci z 


Block 2* 


fé 


26 27 28 29 30 31 
YPOS ——> 


TABLE II _-- 1000 Registers 


Block 1* 


1415 16 17 


3 4 5 6 7 8 910111213 141 


be laren 
Bd 


TABLE Lit -~ 1 Register 
§ 1 2 3 4&6 § 6 7 8 91011 12 13 14 15 . a 
bere TIMO iC Fes 


ote ss 
X20S, YPOS, XFXP, YPKP are signed numbers. They may be repositioned 
in your computer word if desirable to take advantage of byte manipu- 
lation and arithmetic. 


n = number of bits in your computer word. All unmarked (shaded) bits 
contain information that must not be destroyed. 
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Problem 6 + Problem Statement 


1.0 For all cases Set up to do n cases. n = 500 
1.1 I£ all cases done EXIT 
1.2 If all cases not done Set: TSL = KERF™ 
TS2 = KNXF 
Find: 
X = XFXPLoo - XEKP DS 1 
Y= YERP So - YERE Ao 
T= CTOF Ago - CTOF 3) 
¢ 
X = (X/T) 
s 
Y = (Y/T) 
Ty = TIMO ~ CTOF 
TSI 
DK = qT, Xx 
s 
DY = vy b 4 
Set: XPOS = pales 3) + DK 
YPOS | = YFRP oc) + DY 


Set up to do next case 


Go to lal 


* 
TSl etc., indicates temporary storage locations. All items stored in 
temporary storage are to be stored right justified. 


Subscripts indicate values used to get relative locations within a table. 
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Problem 7 - Two Bit Testing and Depositing of Data 


The environment consists of: 


TABLE I ~~ 500 Registers 


8 9 10 il ue 13.14 Sie 16 


Register 0-124 kKTTB 
Register 125-249 KTTB 
Register 250-374 KTTB 
Register 375-499 KTTB 


be 


W pre & 


TABLE IL -- 500 Registers 


sires ltces ican 
| a ay ae 
5 Bi PT POI ; ee oe 


TABLE III -- 500 Registers 


n = word length of your computer. All unmarked (i.e., shaded) 
bits contain information which must not be destroyed. 
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Problem 7 + Problem Statement 
1.0 In all cases Set up to test n cases. n = 500 
1.1 Tf through 500 cases EXIT 


1.2 I£ not through 500 cases 


1.2.1 If KTTB = 2” Set: ITEM 1, = 10 
ITEM 2 = 100 
ITEM 3. = 300 
Go to 1.1 
1.2.2 If KTTB = 1 Set: ITEM1 = 20 
ITEM 2, = 200 
ITEM 3, = 400 
Go to l.l 
1.2.3 If KITB_ = 2 Set: ITEM 1 = 30 
ITEM 2, = 300 
ITEM 35 = 580 
Go to 1.1 
1.2.4 If KTTB = 3 Set: ITEM 1 = 40 
ITEM 2, = 400 
ITEM 3. = 600 
Gat to 2.1 


* 
n= Relative location of data within its table. 
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SUGGESTED FLOW DIAGRAM: 


~A28~- 


(Problem 7) 


SET UP 
FOR 500 CASES 


IxR n 


500 CASES 
DONE 2 


~A29- FAA-ER~606-063 
Problem 8 + Indexing and Chaining o. vata 


The environment consists of: 


TABLE 1 ~- 10 Registers 


se 


TABLE Ti -- 10 Registers 


' 


: > ie 
ne a a a ae ee eee ee — 
os a 


TABLE Ili -- 10 Registers 


z 


| Bez, 


TABLE IV -- 250 Repisters 


S$ i 2 3 4 5 6 


TABLE V -- Temporary Storage -- TS1-TS4 


i ’ 
| 
A? 


S$ 1.2 3 4 5 6 7 8 910 il 12 13 14 15 16 


TEMPORARY STORAGE 


= word length of your computer. Ail unmarked bits contain 
information which must not be destroyed. 
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‘=) 
Log 
ss} 
aa 
uw 
~ fo 
i ° 
7] 
B 
v Pal 
Coal Me 
2 a) 
(o) uM 
Sat 42 
ay al 
— Eel 
bet 
bet a 
et 
am x | 
ml 
rt 
a x 
eal ty 
a 
a ia 
fxd 
rs 
<e i=) 
e+ fe 
Za 
i a 
o 
x4 
uy fre 
ha a4 <<) a ms an - N ~ N a 
~ a m S 9%) = on 
a S a 
> 
7 
iw) 
al x 
A We ee pe leah 
<t 
ty ond fan) wo vot fsa] N coal N feo] 
fe foal foe) N ont i ™~ cael © ise] 
hd vot _ ot N coed N Cael cot 
ime 
x 
ial N st ot ~ ise) st ww ™ Caml N 


REGISTERS 
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ITEM VALUES FOR TABLE IV (Problem 8) 


el he a es ct ew ia tN pi ee roc ei anni ep 


FAA~ER- 606-063 


Problem 8 - Problem Statement 


1.0 In all cases 


1-1 In all cases 


1.2. 1f KLAX, <5 ran 
1.2.1 If n cases done 
1.2.2 Otherwise 
1.3 Lf KLAKc 9 = G 
1.3.1 Tf KEXT 22 
$13.2 T£ KEXT = 4 
= 7 


1.3.3 If KEXT 


1.3.4 Otherwise 


All Subroutines Return to 1.4 


1.4 In all cases 
1.4.1 If ACC = negative 
1.4.2 If ACC = positive 


1.5 In all cases 


~A32~ 


Set to check KFFA for n cases. n = 10 
Set: TNEX,* = 0 


EXIT 


kk 


TS1 
TS2 


KPFA 
KNXAYF RA 
a 


Set for next case 
Go to i.l 


Set: 


Go to 
Go to 


Set: 


Go to 
Go to 


Set: 
Seti: 


Set: 


Go to 


TS3 = KPRF 
n 


TS4 = RRAD og 3 


Subroutine A (Exit with ACC negative) 
Subroutine B (Exit with ACC positive) 


ACG = KPOS . 

(right adjusted) 

Subroutine C (Exit with ACC negative) 
Subroutine D (Exit with ACC positive) 


TNFG = @ 
TNFG = 1 
n 


TS2 = KNXA,c5 


1.2 


* 
Subscripts indicate the relative location of the item within its table. 


we i 
All items stored ‘in temporary storage are to be stored right justified 


SUGGESTED FLOW DIAGRAM (Problem 8) 
tee -A33« FAA~ ER- 606-063 


SET UP 
FOR 
10 CASES 


SET TNFX,, 
TS1 = KFFA 
TS2 = 


i J | 
A 10 CASES DONE? Se ee as 
Re 


EXTT 


u 


ACC to KFOS_ 


at 


SUBROUTINE A 
EXIT FROM SUB- 
ROUTINE WITH 
ACC NEGATIVE 


/ SUBROUTINE C 
EXIT FROM SUB- 
ROUTINE WITH , 
ACC POSITIVE” 


SUBROUTINE C 
{| EXIT FROM SUB- 
\ ROUTINE WITH 

ACG NEGATIVE 


SUBROUTINE B 
fEXIT FROM SUB- 
\ ROUTINE WITH 
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SUGGESTED FLOW DIAGRAM (Problem 8 - continued) 
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APPENDIX B 


DATA PROCESSING TABLES FOR THE 325 FLIGHT CONFIGURATION 


1. Description of Data Contained in Tables.- The following paragraphs describe 


the data contained in each column of the data processing tables which are 
included in this appendix. = ee ae 


1.L Primary Storage (Tables B~ ~la, bd, and c).- These tables present the 


oo storage required during the operation of each function. 


€) Program Length.- The length of all programs and common program 
routines required to perform a function is listed. The capital 
letter under Program Length represents a program routine 
comnon to several functions. The value for this shared program 
routine will be found in paragraph 1.4--Legend for Tables. 
zee stated length of programs and program routines applied for 


i RR Ee te eee Sense ERRO 


Holic coding, No higher order programming language was 
eed tne” ‘experimental system. The required length of 
programs and program routines is to be adjusted using the ad- 


gustment factor PLAF (see Appendix A). 


(b>) Data Table Storage.- The Data Table Storage column lists the 
sum of static and dynamic tables to which the function requires 
access. Each of the capital letters under Data Table Storage 
represents a data block common to several functions. (See 
Paragraph 1.4) These common data blocks are identified so that 
requirements for communication between primary and bulk storage 
can be determined consistent with the function sequence of a 
particular data processing organization. The small letter n 
represents controlled flight load and identifies those tables 
which may be processed in several passes. Exercising the 
option to execute a function in several passes will imply 
reduced primary storage requirements. The data tables are 
based on a 32-bit word, and their length may be assumed to be 
inversely proportional to word length. , 


{c) Working Table Storage.- The stated amount of table storage is 
required for data manipulation internal to the stated 
function. This working storage is required in addition to 
listed Peripheral Date Storage requirements. The working 
tables are temporary, i.e., they lose 411 value when the ’ 
function has been completed. The working storage tables are 
based on a 32-bit word, and their length may be assumed to be 
inversely proportional to word length. 
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(4) 


(e) 


(2) 


(g) 


Peripheral Data Storage,.~ For every listed function, the amount 
of Peripheral Data Storage refers to the size of the input or 
output table required; the table size is based on the assumption 
that the entire peripheral table will be transferred to or 

from an external buffer. If all buffering is done external to the 
CCC, the peripheral table space is temporary. If primary storage 
is used for internal buffering, the stated storage mst be pere- 
manently reserved for this purpose; thus, primary memory must 
have space allocated for the sum of all internal buffered 
peripheral tables during the operation of every function (see 
section 3.4). 


Executive Control.- It is expected that those portions of the 
Executive Control function, concerned with the execution of 
operational functions and related I/O operations, will remain 
permanently in primary storage. Occasional executive functions, 
such as reliability mode control, recovery routines, ete., 

may or may not be allocated permanently in primary storage. ‘The 
exact size of the Executive Control function is determined by the 
design of a data processing organization appropriate to a 
specific CCC hardware configuration. Since the storage require- 
ments of the Executive Control function of the experimental 
system would not be significant for the CCC, this data is 
omitted from the tables. The bidder must estimate and include 
this functional storage requirement in accordance with the 
instructions given him in this specification (see Appendix F). 


Next Function Environment.- The storage allocated to the next 
function to be executed may vary from zero, with attendant 
operating time penalty incurred as a result. of waiting until 
the next function and its environment are transferred into 
primary storage, to the totality of remaining programs and 
tables, if a choice is made to substitute primary storage for 
all bulk storage. This data is not given for the experimental 
system since it would not be meaningful for the system design 
chosen for the CCC. 


Bulk Storage.- The Bulk Storage requirement should be determined 
as a result of trade-offs among I/O time, primary storage, and 
bulk storage. 


1.2 Input/Output Transfers (Tables B-2a, b, and c).- Certain I/O transfers 
are mandstory as a result of system peripheral devices and recording require- 
ments. Other I/O transfers, specifically to and from bulk storage, are 
design options dependent on trade-offs among primary storage, bulk storage, 
and I/O time. Data is presented for both types of transfer. 


(a) Peripheral Data.- For every listed function, the amount of 


peripheral data which must be transferred in or out is listed. 
The size of the data block is based on a 32-bit word, and may 
be assumed to be inversely proportional to word length. 


(b) 


(c) 


(4) 


(e) 
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This data from the experimental system is based on the existence 
of external drum buffers for all system peripheral devices. Data 
to permit consideration of alternate approaches is presented in 
Section 3.4. 


Recorded Datea.- The stated amount of data mst be transferred from 
primary storage to magnetic tape or other bulk storage medium 
after the function has been completed to satisfy safe data and 
legal recording requirements. The size of the data block is 

based on a 32-bit word and may be assumed to be. inversely 
proportional to word length. 


Program Transfer.- As a design option, any or all programs may 
be transferred from bulk storage into primary storage for 
execution. Required program length may be adjusted if it can 
be shown that the proposed CCC has a more effective instruction 
repertoire than that of the experimental system processor (see 
Appendix A). 


Date Tables-Transfer In.- As a design option, any or all data 


tables may be transferred from bulk storage into primary storage 
for execution of a given function. The sequence of functions 
will determine which tables may remain in primary storage from 
the execution of one function to the next. Exercising the 

option to execute a function in several passes will imply several 
(smaller) data table transfers per function. Data tables are 
based on a 32-bit word, and their length may be assumed to be 
inversely proportional to word length. 


Data Tables-Transfer Out.-~ Data tables that are transferred in 

and modified must subsequently be transferred out. For transfer 
purposes, it is assumed that a data table is modified in its 
entirety even though data for certain flights may remain unchanged. 


Timing Data (Tables B-3a and ¢}).- The effective,computing speed of the 


eipceel CCC must guarantee that the veyele, for. bhe,.given traffic. 
completed. in naa BECO 


(a) 


Computing Time Per Cycle.- The computing time required for every 
function is approximated with a single expression. This computing / 
time does not account for any transfer time requirements, nor : 
does it account for the effect of transfers on computing speed. 

The computing time is referenced to 80,000 operations per second 


(see Appendix A), 


Any function thet is processed in several passes (i.e., several 
successive operations on subsets of the total flights within a 
single cycle) should be assumed to require no ‘additional overhead 
computing time. The computing time per pass should be derived 
from the expression in the table that states the time es a 
function of flight load. 
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(db) Non-overlapped Transfer Time.~ Non-overlapped 1/0 time, including 
‘break-in’ memory cycles, must be accounted for so that the 2.5 
second cycle time is not exceeded. The amount of this time will 
depend on trade-offs among primary storage, bulk storage, and 
I/O capability. 


(c) Executive Control.- The portion of the Executive Control operating 
time allocable to a specific function is not given for the experi- 
mental system but must be estimated in accordance with the data 
in this specification and the results must be included in the 
operating time requirement. 


Lek Legend For Tables (325 flight config ration) 


n = number of controlled flights. 


Shared Data Tables (32-bit words) 


A= 96n D = 10n 
A, = 37m D, = in 
Ay = 19n Do = en 
= 2in D3 = 3n 
ae Dy = &n 
B= 58n (total) E = 600 + 4n 
BL = 3hn 
F = 5n 
C = 46n F, = 2n 
C, = len 
Cp = 5n G = 5n 
Cz = 5n 
Cy = 3n H = 800 
Cs = en 
Ce = 8n I = TO 
Cy = 4n 
of = kn 
Cg = en 
Shared Program Routines (registers) 
Y = 500 NOTE: Commas imply "The Sum Of". Time 


information is stated in milliseconds. 


1.5 Explanation of Data in Table Bel—Number and characteristics of External. 


Devices 


(a} Maximum Number of Devices.~ The numbers provided in Table B-4 
are dependent upon the 100 percent peak load figure, or in the 


(>) 


(c) 


(4) 
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case of processed radar data and interfacility messages, the 
maximim number of radars or adjacent facilities which transmit 
information to the control center. . For output of interfacility 
messages, a common data channel is assumed to connect with each 
adjacent facility with appropriate addressing of messages. 


The data in Table Bo is based upon. Pee (a Eerie and 


and - E Bach 
control sector ‘and planning “team is “equipped with two a push- 
button entry devices, and one (1) alphanumeric keyboard and an 
on-demand printer. Each planning team is equipped with a high- 
speed printer. Each search/beacon radar connects to the control 
center with three data channels to provide sufficient capacity for 
transmission of processed radar data messages. 


Complete Information Message Length for Each Device.- The number 
listed in this column of Tables B-4 represents the number of bits 


or characters which define a single message or that amount of 
information which must be available to allow complete processing 
by the appropriate computer program. 


Maximum Transmission Rate of Each Device.~- The number listed-in this 
column of Table B-4 is the maximum transmission rate assumed for 


each of the devices listed. 


Maximum Amount of Information for Each Type of Input or Output 
for which Buffer Storage (external, internal, or combination 
must be Provided During Each 2.5 Second Cycle.- The number 
[isted in this column of Table B-4 is based wpon the following: 
(1) Processed Radar Data 


The amount of data which can accumulate in 2.5 seconds if 
the three channels from each radar are transmitting at 
the maximim rate. 


(2) Controller Pushbutton 


The amount of information which will have accumulated prior 
to interpretation if each entry device completes a maximm 
length message in the same 2.5 second cycle. 


(3) Alphanumeric Keyboard 


The amount of information which will have accumulated prior 
+o interpretation if one-half ofthe keyboards are permitted 
simultaneous entry and each of these keyboards completes a 
maximum length message in the same 2.5 second cycle. 


FAA-ER~606-063 -~B6« 


(4) Interfacility Inputs 


The amount of information which will have accumulated in 
2.5 seconds if each of the adjacent facility channels is 
transmitting at the maximim rate. 


(5) High-speed Printer 


The amount of information which n/100 printers can accept 
in 2.5 seconds, each operating at the maximum rate. The 
n/100 printers will be operating simultaneously when the 
average length of a printout is 150 TTY information words. 
Each operating printer will generate n/40 messages of 15 
TTY words each. 


(6) On-Demand Printer 


The amount of information making up complete messages which 
must be generated for transmission to 3n/50 printers, each 
operating at the maximum rate. The 3n/50 printers will 

be operating simultaneously when the demand for printouts 
peaks at twice the average demand and each printout message 
averages 17 TIY words of information. 


(7) interfacility Outputs 


The maximum amount of information which can be transmitted 
by the output channel in 2.5 seconds. 


({e) Average Amount of Information Transmitted for Each Type of Input 
or Output During Each 2.5 Sécond Cycle.- The numbers listed in 
this column of Tables B-4, c-E, and D-4 are based upon the average 
amount of information generated by the environment in which the 
CCC operates. Each type of input and output is expressed as a 
function of traffic load, n. With appropriate increase to account 
for overhead data pecullar to a proposed solution for the peri- 
pheral date buffer problem, the numbers in this column will be 
used to determine peripheral data transfer requirements for all 
outputs and for any inputs which will be internally buffered. 


1.6 Input/Output Transfer and Buffering Approach.- See paragraph 1.6 ff in 
Appendix C for a discussion of I/O transfers and buffering which is also appropriate 


for Table Bel. 


PRIMARY STORAGE CHART 


FLIGHT PLAN PROCESSING TABLE B- la 
a a 


WORKING TABLE PERIPHERAL 


Colum Headings 
for Executive Con 
trol, Next 
Function Environ- 
ment, and Bulk 
Storage are 
omitted 


CONFLICT 
DETECTION 


ASSOCIATION 
CHECKING 


: 300, 6(A, Ap, F, 8), 


By C2500), 205) 


L 
300, 6(4n, A, C), | 


i ; 
8(D1,Do, Da, ) 


€90°909-Uh-Vvu 


ELON AM LO ee 


RADAR 
INPUL 
PROCESSING 


AUTOMATTIC 


TRACKING 
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APPENDIX C 


DATA PROCESSING TABLES FOR THE 200 FLIGHT CONFIGURATION 


1. Description of Data Contained in Tables.- The following paragraphs describe 
the data contained in each column of the data processing tables that are included 
in this appendix. 


.:l Primary Storage (Tables C-la, b, and c).- The descriptive comments on 
Primary Storage in paragraph 1.1, items (a) through (g), of Appendix B are 
applicable here. The legend for this appendix appears in paragraph 1. 4, 


1.2 Input/Output Transfers (Tables C-2a, b, and c).- The descriptive comments 
on Input/Output Transfers in paragraph 1.2, items (a) through (e), of Appendix B 


are applicable here. See legend in paragraph 1.4. 


1.3 Timing Data (Tebles C-3a, b, and c).- The descriptive comments on Timing 


Data in paragraph 173, items (a) through ay: of Appendix B are applicable here. 


See legend in paragraph 1.4. 


1.4 Legend for Tables (200 flight configuration) 


Dynamic Tables (n = number of controlled flights) 


Mr 
ot 
a 
8 


MR ae OO Ot bp 
i 
Bs 


NOTE: Commas imply "The Sum Of". Time information is stated in milliseconds. 
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1.5 Number and Characteristics of External Devices.- So that alternative solutions 
to the peripheral data storage and transfer problem can be considered for the 200 
flight configuration, Table C-4 summarizes the number and data characteristics of 
individual external devices by type. The plan-position displays are excluded from 
this summary since it is assumed that the display generation will involve the use 
of external buffers. 


The following describes the information provided in Table C-4 for each type of 
peripheral data input and output. 


(a) Maximum Number of Devices.- The number provided is dependent 
upon the 100 per cent peak load figure; or in the case of pro- 
cessed radar data and inter-facility messages, the maximum 
number of radars or adjacent facilities which transmit informa- 
tion to the control center. For output of inter-facility mes- 
sages, a common data channel is assumed to connect each 
edjacent facility with appropriate addressing of messages. 


The data in tH = 20 c-4 is based upon LOO per cent peak load of 


position is” eqiiipped with” one (1) ‘radar controller keyboard, 
and each sector control position is equipped with one (1) 
computer update entry device, one (1) flight strip printer, 
and one (1) flight strip update display device. Each search/ 
beacon radar connects to the control center with three data 
channels to provide sufficient capacity for transmission of 
processed radar data messages. 


(b) Complete Information Message Length for Bach Device.- The 
number listed in this column of Table C-} represents the 
number of bits or characters which define a single message or 


that amount of information which must be available to allow 
complete processing by the appropriate computer program. 


(c) Maximum Transmission Rate of Each Device.- The number listed in 


this column of Table C-h is the maximum transmission rate 


assumed for each of the devices listed. 


(d) Maximum Amount of Information for Each Type of Input or Output for 
Provided During Each 2.5 Second Cycle.- The number listed in this 
column of Table C-4 is based upon the following: 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(9) 
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Processed Radar Data.- The amount of data which can accumulate 
in 2.5 seconds if the three channels from each radar are 
transmitting at the maximum rate. 


Radar Controller Keyboard.- The amount of information which 
will have accumulated prior to interpretation if each entry 
device completes a maximum length message in the same 2.5 
second cycle. 


Alphanumeric Keyboard Inputs.- The amount of information which 
will have accumulated prior to interpretation if all the key- 
boards are permitted simultaneous entry and each of the key~ 
boards completes a maximum length message in the same 2.5 
second cycle. 


Computer Update Entry Device.- The amount of information 
which will have accumulated prior to interpretation if all 
the entry devices are permitted simultaneous entry and a 
maximum length message is completed with each of the 
devices in the same 2.5 second cycle. 


Inter~facility Inputs.- The amount of information which will 
have accumulated in 2.5 seconds if each of the adjacent 
facility channels is transmitting at the maximum rate. 


Flight Strip Printer.- The amount of information making up 
complete flight strips which must be generated for trans- 
mission to {n/9Q) printers, each operating at the maximum 
rate. In/90) printers will be operating simultaneously 
when the demand for printing flight strips peaks at twice 
the average demand and each strip averages 120 characters 
of information. 


On-Demand Printer.- The amount of information making up 


‘complete messages which must be generated for transmission 


to {0.20n printers, each operating at the maximum rate. 
The {9.02y] printers will be operating simultaneously when 
the derand for printouts peaks at twice the average demand 
and each printout ‘message averages 7O characters of 
information. 


Flight Strip Update Display.- The amount of information 
making up complete displays which must be generated for 
transmission if an output is demanded for each display in 
the same 2.5 second cycle. 


Inter-facility Outputs.- The maximum amount of information 
which can be transmitted by the output channel in 2.5 seconds. 
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{e) Average Amount of Information Transmitted for Each Type of Input or 
Output During Bach 2.5 Second Cycle.- The number listed in this 
column of Table C-l fe based upon the average amount of information 
generated by the environment in which the CCC operates. Each type 
of input and output is expressed as a function of traffic load, n. 
With appropriate increase to account for overhead data peculiar 
to a proposed solution for the peripheral data buffer problem, the 
number in this column will be used to determine peripheral data 
transfer requirements for all outputs and for any inputs which will 
be internally buffered. 


1.6 Input/Output Transfer and Buffering Approach.-. The number and type of 
external devices are assumed to be constant with respect to traffic load, hence 
all maximum requirements for input buffer storage are treated as being 
independent of the traffic load, n. Except for inter-facility outputs, all 
maximum requirements for output buffer storage are proportional to traffic 
load. Demand for outputs in excess of the peak amount provided for would be 
serviced as capacity becomes available. 


T2Ock Since each function will be executed only once per 2.5 second cycle and 
most inputs/outputs.will be batch processed, every solution to. the peripheral 
data buffer problem must provide for the maximum amount of information listed 
in Table C-l whether this storage is provided internally in primary memory, 
externally on drums or other storage media, or in some combination. 


1.6.2 Information storage may be only a part of the total buffer storage re- 
quired. The characteristics of a proposed buffer system and related logic may 
require additional storage for data used to control the addressing and timing 
of outputs, and to tag the source of input data on less than a complete mes- 
sage basis. For example, the drum buffering sub-system of the experimental ATC 
system allows for storage of four 6-bit information characters of high-speed 
and on-demand printer outputs for each 32-bit computer word. Provision must 
be made for storing the overhead data as well as information data in any solu- 
tion to the peripheral. data storage and transfer problem. 


1.6.3 The entry in Table C-1 for peripheral data storage associated with any 
function is the sum of the maximum amount of information required to be buffered 
during a 2.5 second cycle (from Table C-) and the overhead data associated with 
that information. 


1.6.4 In addition, since Table C-2 is based upon an approach to buffering where 
all inputs are entirely externally buffered, the entry for Mandatory Transfer 
Peripheral Data associated with any function is also the sum of the maximum amount 
of information required to be buffered during a 2.5 second cycle (from Table C-4) 
and the overhead data associated with that information. For outputs, and for 
inputs in the case where inputs are internally buffered, the Mandatory Transfer 
Peripheral Data entry'of Table C-2 would be the average amount of information 

plus associated overhead data transmitted for each type of input or output dur 
ing each 2.5 seconc cycle. 
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APPENDIX D 


DATA PROCESSING TABLES FOR THE 100 FLIGHT CONFIGURATION 


1. Description of Data Contained in Tables.- The following paragraphs 
describe the data contained in each column of the data processing tables 
which are included in this appendix. 


1.1 Primary Storage (Tables D-la, and Bes The descriptive comments on 
Primary Storage in paragraph 1.1, items (a) through (g), of Appendix B 

are applicable here. The legend for these tables appears in paragraph Led 
of this appendix. 


1.2 Input/Output Transfers (Tables D-2a, and b).- The descriptive comments 
on Input/Output Transfers in paragfaph 1.2, items (a) through (e), of 


Appendix B are applicable here. See legend in paragraph 1.4. 


1.3 Timing Data (Tables D-3a, and b).- The descriptive comments on 
Timing Data in paragraph 1.3, items (a) though {c), of Appendix B 


ere applicable here. See legend in paragraph 1.4. 


1.4 Tegend for Tables (100 flight configuration) 


Dynamic Tables (n = number of controlled flights) 


B= 5n 
C = 5n 
Cj= en 
C= 3n 
BE = 4n+600 
F = 5n 
G = 6n 
I = Joo 


NOTE: Commas imply "The Sum Of". Time information is stated in milliseconds. 


1.5 Number and Characteristics of External Devices.- So that alternative 
solutions to the peripheral data storage and transfer problém can be 
considered for the 100 flight configuration, Table D-4 summarizes the number 
and data characteristics of individual external devices by type. The plan- 
position displays are excluded from the summary since it is assumed that 
display generation will involve the use of external buffers. 
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The following describes the information provided in Table D-4 for each 
type of peripheral data input and output: 


(a) 


(d) 


(ce) 


(a) 


Maximum Number of Devices.- The number provided is dependent 
upon the 100 percent peak load figure; or in the case of 
processed radar data and inter-facility messages, the 

maxim number of radars or adjacent facilities which transmit 
information to the terminal control.facility. 


The data in Table D-4 is based upon a 100 percent peak load 
of 100 flights (nm = 100) and a terminal control facility 
configured with 17 radar control. positions, 3 supervisory 
data entry/output stations, 3 short-range search/beacon 
radar, and one long-range search/beacon radar, and one. 
adjacént center with data. channel. connection. Hach radar 
enntrol position is equipped with one (1) radar controller 
keyboard. Each supervisory data output station is equipped 
with an on-demand printer. The radar video processor for 
each sort-range search/beacon radar is located in the 
terminal control facility. The long-range search/beacon 
radar connects to the facility with three data channels to 
provide sufficient capacity for transmission of processed 
radar data messages. 


Complete Information Message Length for Each.- The number 
listed in this column of Table D-4 represents the number 
of bits or characters which define a single message or that 


amount of information which must be available to allow complete 
processing by the appropriate computer program. 


Maximum Transmission Rate of Each Device.- The number Listed 
in this column of Table D-4 is the maximum tranemission 


rate assumed for each of the devices listed. 


Maximum Amount of Information for Each e of Input or 


Output For Which Buffer Storage (external, internal, or 
combination) Must Be Provided During Each 2.5 Second Gyele.- 
The number listed in this column of Table D-4 is based upon 
the following: 


(1) Processed Radar Data 


For the long-range search/beacon radar, the amount 

of data which can accumulate in 1.25 seconds if the 
three channels from each radar are transmitting at 

the maximum rate. For the short-range search/beacon 
tadars, the amount of data which can accumulate in 
1.25 seconds if each of the radar videa. data processors 
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are handling data of their maximum capacity. It 
should be noted that radar inputs processing is 
assumed to operate twice in each 2.5 second cycle, 
hence the buffer requirementr is for that amount of 
data which accumulated in 1.25 seconds. 


(2) Radar Controller Keyboard 


The- amount of information which will have accumulated 
prior to interpretation if each entry device completes 
a maximum length message in the same 2.5 second cycle. 


(3) Interfacility Inputs 


The amount of information which will have accumulated 
in 2.5 seconds if each of the adjacent facility 
channels is transmitting at the maximum rate. 


(4) Supervisory Data Output Printer 


The amount of information making up complete 
supervisory printouts which must be generated for 
transmission to three printers, each operating 
simultaneously at the maximum rate. 


(5) Interfacility Outputs 


The amount of information which will have accumulated 
in 2.5 seconds if each of the adjacent facility 
channels is transmitting at the maximum rate. 


(e) Average Amount of Information Transmitted for Each Type of 


Input or Output During Each 2.5.Second Cycle.- The number 
listed in this column of Table D-4 is based upon the average 
amount of information generated by the environment in which 
the CCC operates. Each type of input and output is expressed 
as a function of traffic load, n. With appropriate increase 
to account for overhead data peculiar to a proposed solution 
for the peripheral data buffer problem, the number in this 
column will be used to determine peripheral data transfer 
requirements forall outputs and for any inputs which will 

be internally buffered. 


1.6 Input/Output Transfer and Buffer Approach.- The number and type of 


external devices are assumed to be constant with respect to traffic load, 
hence all maximum requirements for input buffer storage are treated as 
being independent of the traffic load, n. Except for interfacility outputs, 
all maximum requirements for output buffer storage are proportional to 
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traffic load. Demand for outputs in excess of the pean amount provided for 
would be serviced as capacity becomes available. 


1.6.1 Since each function will be executed only once per 2.5-second cycle* 
and most inputs/outpute will be batch processed, every solution to the 
peripheral deta buffer problem must provide for the maximum amount of 
information listed in Table D-4 whether this storage is provided internally 
in primary memory, externally on drums, or other storage media, or in 

some combination. 


1.6.2 Information storage may be only a part of the total buffer storage 
reguired. The characteristics of a proposed buffer system and related 
logic may require additional storage for data used to control the address- 
ing and timing of outputs, and to tag the source of input data on less 
than a complete message basis. For example, the drm buffering sub-system 
of the experimental ATC system allows for storage of four 6-bit information 
characters of alphanumeric keyboard inputs, and only two 6-bit information 
characters of high-speed and on-demand printer outputs for each 32-bit 
computer word. Provision must be made for storing the overhead deta as well 
as information data in any solution to the peripheral data storage and 
transfer problem. 


1.6.3 The entry in Table D-1 for peripheral data storage associated with 
any function is the sum of the maximum amount of information required to 

be buffered during a 2.5-second cycle (from Table D-4) and the overhead 
data associated with that information. In addition, since Table D-2 is 
based upon an approach to buffering where all inputs are entirely externally 
buffered, the entry for manatory transfers-peripheral data associated with 
any function is also the sum of the maximum amount of information required 
to be buffered during a 2.5: second cycle (from Table p-4, and the overhead 
data associated with that information). For outputs and for inputs in the 
case where inputs are internally buffered, the mandatory transfer-peripheral 
data entry of Table D-2 would be the average amount of information plus 
associated overhead data transmitted for each type of input or output 

Guring each 2.5-second cycle. 


With the exceptions of Processed Radar Data-Short-Range Inputs and Long-Range 
Inputs which are shown on Table D-4 as being processed twice each 2.5 second 
wyeles 
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APPENDIX E 


DESCRIPIION OF DATA-PROCESSING FUNCTIONS 


This appendix provides a summary description of the data-processing 
functions that would be required in a typical air traffic control 
center. This information is intended to permit a better understanding 
of the requirements of Section 3.3 of the specification. The 
descriptions are divided into the same areas as Section 3.3; 1.e., 
Flight Plan Data Processing, Surveillance Data Processing, Output Data 
Processing, and Executive Control. 


1. Flight Plan Data-Processing Area.- This section describes those 

functions which operate on or modify flight plan data. Typical flight 
plan data includes: aircraft identification, aircraft type, speed,..... 
origin See time of departure, route, altTtude “over various 


aoa) 


1.1 Controller Input Po ee Rach control and planning position 
will be provided with an input device to permit rapid entry of a 


number of inputs. Representative examples of these inputs are: 


(a) Plan Position Display Requests 


(1) Request display of flights within a specified 
altitude range. 

(2) Request display of a flight plan route. 

(3) Request suppression or repositioning of alpha- 
numeric infdérmation that is displayed at 
aircraft position. 


(b) Printout Requests 


(1) Request detailed conflict information on a flight. 
i Pic sails stored flight plan route/time information. 


(c) (Flight Plan Modification ) 


(1) Modify assigned altitude. 
(2) Enter holding instructions for a flight plan fix. 


Z 
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(a) Transfer of Control 


(2) 
(3) 


(4) 


Prepare handover. «~~ 
Accept handover. ae 
Assume control. oa 


Release for the control sector from which transferred. ~7 


1.2 Alphanumeric Keyboard Input Processing.- Each control and planning 
position, as well as local and remote flight data entry positions, 


will be provided with an alphanumeric keyboard input capability for the 
direct on-line entry of a variety of inputs. The keyboard for 
alphanumeric inputs may be separate from input devices for other 


control inputs. 


Characteristics of alphanumeric keyboard inputs are: 


(a) Message Tormats and contents will conform to current 
air traffic control Brneyscees Fields not By ee Bod 


items “will be. permitted without padding aharastars, 


and” a “wide_ latitude will be p 
sequen 
for c¢ 


eo 


nossible in message 
Icey ‘composition, ‘and length. Formats convenient 
nposition py the controller may require 


reformatting in the computer. 


(bd) Controllers will be able to correct or revise items 
within a message without repeating the entire message. 
Each incoming message will ‘be subject to computer 
program acceptance checking to guard against certain 
classes of errors not detected ov corrected by the 
controller and to insure that each input represents 
@ complete and coherent message. if an input message 
is acceptable, a receipt message will be output to 
the sender. The controller may then proceed with 
the next input. If a message is not acceptable, a 
‘printout indicating the error will be output to the 
sender, The controller can then enter additional 
information to correct the original message, following 
which the corrected message will be acknowledged by 
a receipt message. This combined operator-input, 
computer-output cycle will provide a direct, fast- 
response, two-way communication channel for alpha- 
numeric data entry. 


{c) Air movement data and transfer-of-control messages 
crosstold automatically from adjacent control 
facilities will be processed by the alphanumeric 
keyboard inputs processing function.in much the same 
manner as described above. 


a 


function. 
(a) 
(bd) | 
ted 
na 
(ae ; 


i 
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1.2.1 Representative Examples of Alphanumeric Inputs Are: 


(a) 


(b) 


(ce) 


Air Movement Data 


(1) Flight Plans 


(2) Flight Plan Modifications 
ig een eRe 

3) Progress Reports > 

(4) “Prefiied Routes 


Environmental Data 


(1) Winds Aloft 
(2). Barometric Pressure 


Data Printout Requests 


(1) Detailed Conflict Information on a Flight 
(2) Stored Flight Plan Route/Time Information 
(3) Prefiled Rowte 


1.3 Flight Plan Dynamics.- Flight plan dynamics will consist of a fix 
time determination function, a flight plan position and extrapolation 
funetion, an altitude processing function, and an area responsibility 


| Fix Time Determination.- The fix time determination 

| function will calculate and/or modify time data 
‘associated with flight plans. | This function will 
‘determine relative time information using filed speed, 
filed route, and_stored wind information. Real times 
/will be computed by the adjustment of stored times 
‘based upon entered real time information. / New fix 


-times will be calculated whenever the route or speed 


‘is modified and whenever a fix time is entered in a 
progress report or as a result of an update action. / 


re) 
Flight Plan Extrapolation.-~ The extrap, ation and position 


| function will determine flight plan previous and 


| next fix, present flight plan position and velocity, 


“track with flight plan position. 
Peete eerste, a A gee 


and extrapolation status. These items will be derived 
: from stored fix information, will form the basis of 
' gurrent air situation displays, and will provide inputs 


automatic tracking and to processes associating 


errno 


Altitude Processing.- Altitude processing will serve 
three purposes: 


(1) To describe the intended vertical profile of flight, 
(2) To monitor the conformance of reported altitude 


ra 


e 


ma 


we oe 
“ 
a 
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of a flight with the filed altitude profile, and 
(3) To process the filed data for the convenience of 
other functions (e.g., conflict. detection, plan 
position display generation). 


The altitude processing function will make use of route and 
altitude data as determined by the alphanumeric input 2 
processing function. The output of the function will be used 


by the conflict d tion and plan position display generation?/ 
conflict detectic Bo nS Sack Ended loreal ees Bi aia ole 


functions. ty 


(ad) Area Responsibility.- The area responsibility function 
will maintain area responsibility based on the geographic. 
division of the control center into sectors, and will 
generate boundary crossing times. The output of the 


function will be used by the plan-position display’ oA 
generation function to generate transfer of control 


displays and to signal the » generation : and. routing of 
area-sensitive information such as inter- -facility 35 
messages. 


1.4 Conflict Detection.~-. The oe -detection process will be based 
upon flight Peviations and will ta 8 Bee ‘OF both lateral. ‘and. 


with respect to.the predicted position; hence, the 
protected volume of airspace is defined with the “ 
he center.” ‘Ségments of routes 


will be protected by an appropriate volume of airspace 
ee, the area, beeen for the delay interval. 


ER CNG 


-(b) . The problem of conflict detection will be reduced to a 
. consideration of horizontal space and time dimensions 
© only by processing together only route segments 
: (straight lines and areas) which are within a specified 


Me 
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vertical distance of each other. This specified 
vertical distance represerits an altitude separation 
standard and accounts for vertical deviations of a 
flight from its predicted position. 


(c} Route segments involving altitude transitions will 
“be processed with segments of other flights which 
“eould occupy the altitude tunnel defined by the 
“transition and the aircraft type involved. 


(a) Conflict detection in the horizontal space-time 
dimensions will consist of checking for the intersection 
or overlap of the protected rectangles or delay 

areas of different flights. YThe.pretected.rectangLe 
foreach fiight..wid-have.-the.predicted..position-as 
centér-and will. progress..in.accordance:. with..the.times 
calewLated_by...the.fix-time:.determination,process. 
Dhe-j-ength..of,..the..protectedrectang.e.aiong..the«rewte 
segment..Wwiil...be..equal.to.the-Longitudinal “separation 
| standard (minuteswofflight). The,width..of..the.. 

( rectangle will..be.equal.-to the “lateral” separation 

; standard. 


= 
Gy 
S 


(f) Tracks for those flights which are found to be in 
conflict using flight plan data will be periodically 
compared for violation of radar separation criteria. 


1.5 Assoication of Track and Flight Plan.- The current track..position... 
of a flight and its predicted flight plan position will. _be..compared to. 
me lateral deviation from filed route and time deviation. along. 


meas 
the foute. "An attention indicator will be “displayed for a flight 
whose lateral deviation exceeds a safety eet Flight plan. fix. times... 
and predicted position. will be.tagged. for, automatic. updating by the 
Flight Plan Dynami es function when the time Seetion exceeds a safety 
margin. 


1.6: Flow Control.- Air movements data will be.analyzed and summarized... 
to generate tabular displays and/or printouts which will aid the flow 
controller” in predicting system capacity and demand, determine suitable 
flow control action, and verifying that these actions are effective. 


‘These displays will be generated automatically. 


e2..: Surveillance Data Processing Area.~ This section describes those 
functions which depend primarily upon radar and track data. 
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2.1 Controller Input Processing.- The input device mentioned in 1.1 


will also be used for rapid entry of controller input actions associated 
with surveillance data. Representative examples of these inputs are: 


(a) Actions Related to Automatic Tracking 


(1) Start and stop track. 
(2) Change tracking mode. $¢ Mi oie Reo Oiee, @ 


(b) Plan Position Display Requests 


(1) Request display of beacon codes related to a 

radar datum. : 

(2) Request display of beacon code/call sign for all 
radar data having the same code filed ina 

: specified flight plan. 

*(3) Request display of the area used to assoicate a 

i track and flight plan position. 

(4) Request suppression or repositioning of alphanumeric 
information associated with track position. 


3 


2.2, Radar Input Processing.- Digitalized radar returns from multiple 
remote radar sites will be received by the central data processor in: 
polar radar site coordinates. The radar input processing function will 
transform the ‘polar coordinate..data: into. a common Cartesian coordinate 
system. - vere: 


snenaemsiininercinn 


| (masking) due to multiple coverage will be performed. . as 

/ Quantity analysis of radar returns by site, system, Hy p6(? 

/ and type (search or beacon) will be performed to pos ae 

_ prevent overload of the CCC. Time delays associated Pe unas 
with each datum will be delivered to the tracking 
function. 


(a) . Selective rejection by sites of redundant data fee op 


(>). The quality of radar inputs will be dynamically 

» monitored by examining test messages generated at 

* each of the radar sites and by statistical analysis 

' Of the live data. The test messages will be monitored 

. to determine radar data processor and transmission 
errors. The Live. dat from overlapping radars will be 
ieross-campared” ‘to d ine system “errors” in “rade. 
orientation, registration, radar beacon” ‘eollimation, 
and radar beacon decoding. 


velocities for all tracks carried by the system. This includes the 
automatic processing of radar data, both beacon and search, and flight 
plan data to obtain position and velocity estimates for each track. cay 


2.3 Automatic Tracking.- Automatic tracking will compute positions and / 


e 


-ET- PAA-ER-606-063~ 


(a) The basic tracking function will be performed in 
three phases:-~ 


i} Correlation of radar data with computer tracks. 

2) Pros: ng of correlated data, rejecting clutter, 
detecting turns, eter" 

(3} Predicting track position.and-velocity..by smoothing 

operations “Using previous data on the track and 

flight plan data. 


(b) \Correlation will involve the. selective processing of 
radar data to remove time delays and to determine those 
ta which are most likely to be returns from the track; 
orrelation will be performed using distance measures 
ependent upon the reliability of past and present returns. 


(ec) Processing will be performed on the correlated data to 
determine the degree to which the return satisfies the 
conditions of being near the predicted position, and, 
if the track in replying to beacon interrogations, 
whether a correct beacon return has been received, etc. 
The result of the process will be a best estimate of 


track present position. jo 9 “ey! 
ON net I 


(d) | By means of a smoothing operation on track past history, 
jan estimate will be made of track future position, 
making use of pertinent flight plan data, if necessary. 


(e) i rr, because of difficulty in receiving data, it 
‘becomes impossible to keep a track on its data trail, 
_@ tracking trouble detection function will detect the 
difficulty and will notify the controller in time for 
chim to be able to assess the situation and take corrective 
‘action. 


2.4 Proximity Warning.- Detected or predicted violation.of, procedural 
separation standards using flight ‘pian. data implies that a conflict is 
possible; but, in a radar “environment, the violation of radar separation 
standards is required before a conflict can occur. ‘To detect the 
imminent violation of radar separation ‘standards, Be protected volume 
of firspace- wi: be: defined -about.the: “present. positio of the track" or 
nt: SOx vapolated*for- an: interval: into: the-futurealong 
the cepeeted. course f..the . track. 


Ook. Periodically, the tracks of all flights in procedural conflict 
with another track, as determined by the flight plan conflict detection 
process, will be examined to determine whether there is or will be an 
overlap of the protected airspace of the track using the radar separation 
stendardg. If such an overlap is found, it will be considered an 


) 


penrenenee 
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imminent radar conflict and the information will be displayed to control 
personnel. 


ron, Output Data Processing Area.- This section describes the various 
outputs generated for~pian~position and tabular displays, printouts, 
control data recordings, and inter-facility messages. 


3.1 Plan-Position Display Generation.- The plan-position display 


generation. function.automatically will make up, format, and tag ‘for 
routing, output messages for the Plan- position, alphanumeric displays. 


display message containing aircraft identity and appropriate control 
infoz nation,. such as, altitude occupied, conflict status, etc. Each 
“yack in the system will have a similar message associated with it, 
and selected beacon code returns processed by the system will be 
displayed with an associated display message. Selected processed 


supplementary alphanumeric tabular ‘displays will be generated for the 
margin of the plan-position display. 


3.1.1 In addition to the automatically generated displays, this 
function will make up, format, and tag for routing, requested output 
messages for the plan-position alphanumeric displays based upon 
requests received from the inputs processing programs. Requestable 
displays will consist of flight plan route, display of flights by 
altitude,” ete. 


; iil be assigned to one, or more. of.. several... 
i: cE: status information of the flight plan, 
track, or radar data. These categories will, in part, determine the 


routing of aLsplay messages; and, in part, will be selectively available 
to the operator at each display as an aid to display clutter reduction. 


3.2 Tabular Display Generation.- The tabular display generation function 
will automatically. make up, format, and tag for routing, flight plan 
ontrol order displays for control positions and air movements 

\ ries, for. planning and.flow. control positions. These’ outputs 
will be displayed on the tabular display elements. Tabular displays 
will be generated on demand when changes occur. 


3-3 On-Demand Printer Outputs.- Bach keyboard or pushbutton input 


unit will heave associated with it a printer output device. Each 
keyboard input and a portion of the input units will generate a 
printed acknowledgement receipt on the appropriate printer, and will 
generate printer outputs determined by the nature of the input., If 

an input cannot be interpreted by the inputs processor, a request for 
additional information will be generated on the output channel, 
initiating a dialogue which may be terminated by the correction of the 
input or its cancellation. Representative output messages are: 
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(a) Acknowledgement. 

(b) Further information request. 

(c) Stored flight plan route/time information. 

(a) Detailed conflict information on a flight plan. 


3.4 Automatic Printer Outputs.- Periodically, variow status printouts 


will be generated automatically and routed to high-speed printer output 
devices. The automatic printouts will consist mainly of flight plan 
information which may be used for back-up during periods of tabular 
display failure. 


3-9 Inter-facility Outputs.- Air movements and transfer of control 
data will be automatically crosstold between adjacent centers. This 


function will make up, format, and tag for routing, these inter-facility 
output messages. Representative examples of these inter-facility 
output messages are: 


(a) Air Movement Data 


(1) Flight Plans 

(2) Flight Plan Modifications 
(3) Progress Reports 

(4) Track Data 


(bo) Transfer of Control Data 


(1) Prepare Handover 
(2) Accept Handover 
(3) Assume Control 


4, Executive Control Processing Area.- This section describes those 
functions necessary for control fo the data-processing functions. 


hd Operate Mode Control.- Operate mode control will, upon starting or 


restarting the computing complex, determine in which of the specified 
modes the complex shall operate. This debermination will be based on 
a preplanned order or manual instruction. When initiating the process-~- 
ing cycle, the operate mode control function will properly initialize 
all necessary portions of the data-processing complex and transfer 
control to the appropriate sequence and timing control functions. 


4.1.1 When restarting, the operate mode control function will expand 
pertinent safe data into a complete data base appropriate to the current 
mode of operation. 


4.2 Sequence and Timing Control.- Sequence and timing controls the 


sequence and frequency of operation for all enroute data processing 
functions.’ Sequence and timing also controls the input and output of 
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data, between external devices and the computing complex, and assures 
that internal transfers of programs and tables are executed in a 
timely manner. In addition, this function controls the recording of 
safe data and control data. 


4.2.1 Safe Data Recording.- All current air movement data must.be 
recoverable in the event of a computer malfunction or mode. change. To 
provide for this recovery;all information necessary to reconstruct 
current alr movements will be periodically transferred to a storage 
unit which is not accessed by normal program operation and whose 
contents are unaffected by computer malfunction, and environmental 
transients such as power surges, disruptions, and the like. This 
storage unit. is referred to as safe storage, and the information 
which it contains is known as safe storage. Safe storage will minimally 
contain that portion of track and flight movement data which will 
serve to reconstruct all such data. Specifically, safe data will 
provide for the regeneration of: 


(a) All flight plans 

(b) All prefiled routes 

(c) All wind information 

(a) All track data 

) All area responsibility information 

) All conflict information 

) All other essential control information 
) All plan-position and tabular displays 


4.2.2 Control Data Recording.~ Control data recording encompasses the 
retrieval of information during the operation of the system for sub- 
sequent (off-line) processing of the information into the written 
medium. The uses of control data recording vary from program shakedown 
to system analysis and performance monitoring. When the system is 
employed in the field, the recording function will also be utilized as 
a legal record and to recreate operational problems for detailed 
analysis. 


4.2.2.1 The control data recording function will retrieve information 
from specified sections of primary memory at specified times during 
each system cycle, will pack and store the data in a working area, 

and transfer the data to tape. The control data recording function will 
operate with semi-permanent control table set up at the last start 

of the computing system. 


4.2.2.2 Off-line reduction of the data will be independent of the 
functioning of the real-time system. 


4,3 Equipment Error Detection and Recovery.~ The equipment error 


detection and recovery function will monitor various equipment elements 
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of the.computing complex. If it detects an error, it will attempt to 
recover from the error, If unsuccessful, an attempt will be made 

to diagnose the cause of the error, with control transferred to the 
mode control function. The nature of the error and the result of the 
recovery attempt will be printed on the on-line printer. 


Ah, Program Diagnostics.- The program diagnostic function will 


determine all available details about any program execution errors 

that occur during the real-time operation of the computing complex. 

The compiled information shall be printed on the on-line printer. The 
diagnostic function may be initialized to automatically transfer control 
to the mode control function wpon recognizing a program malfunction. 


4.5 Gonfidence Routines.- These routines will perform confidence 
checks during live-cycle operation in order to control the quality 

of computing complex operation. The results of confidence checks shall 
be printed on the on-line printer. 


5. i00- and 200-Aircraft Configurations.- The 100- and 200-aircraft 
configurations represent a system design that comprises 4 reduced 
functional capability, i.e., not all the functions described in the 
foregoing sections are performed. 


5.1 200-Aircraft Configuration.- The 200-aircraft configuration has 


-the following functional capability. Except where indicated, the 


functions have the capability described earlier in this appendix. 


(a) Flight Plan Data Processing 


(1) Alphanumeric Inputs 
(2) Fix Time Determination 


(b) Surveillance Data Processing 


(1) Controller Inputs 
(2) Radar Inputs 
(3) Automatic Tracking 


(ec) Output Data Processing 


(1) Plan-Position Display Generation 

(2) Flight Strip Printing--This function causes flight 
strips to be printed for all new flight plans and 
modified flight plans. This function also updates 
the appropriate device used to communicate changes 
of time and altitude data to the controller. 
On-Demand Printer 

Inter-Facility Outputs 


Foetal 
rw 
ae See 
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5.2 100-Aircraft Configuration.- The 100-aircraft configuration has the 


capability to track and maintain appropriate displaya for 100 flights. 
The functions included in this configuration are: 


(a) Input and Surveillance Data Processing 
(1) Controller Inputs 
(2) Radar Inputs 
(3) Automatic Tracking 

(b) Output Data Processing 

(2) Plan-Position Display Generation 


(2): On-Demand Printer 
(3) Inter-Facility Outputs 
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APPENDIX F 


TECHNICAL PROPOSAL FORMAT AND CONTENT 


1. General.- The written proposals submitted in response to this RFP 
will be evaluated and a selection will be made which is found to be 

the most beneficial from the standpoints of the technical aspects, 

cost, and other factors such as the bifider's experience background and 
management considerations. However, most emphasis will be placed on the 
technical aspects of the proposal. Therefore, it is important that alli of 
these points be covered adequately in the areas discussed in the following 
paragraphs. To permit a thorough and effective evaluation, the proposal 
should. be precise and complete while as brief as possible. Inclusion of 
any important considerations not covered by this request is encouraged. 


1.1 Proposal Outline.- Each of the items set forth below should be covered 

in the order given, with any additional items covered following as separate 
parts. The suggested contents within each item are not meant to be restrictive. 
However, the importance of furnishing, as a minimm, the specific information 
suggested herein cannot be overstressed, since the evaluation will depend 
heavily on the written proposals in selecting the successful bidder. The 
proposal format and contents are specified in a manner to enhance the 

proposal evaluation effort. Therefore, there is an intended redundancy in 

the requirements to specify certain items of information in various levels 

of detail:in different sections of the proposal. 


2. Hardware Considerations.- The specification permits extensive freedom 

in the manner in which the data processing tasks of air traffic control are 
organized. The data processing functions and reliability requirements have 
been emphasized. Only some minimum equipment requirements are stated. This 
approach is intended to allow the bidder freedom to propose a data processing 
organization and configuration of equipment for the CCC which makes optimm 
use of his equipment. The Specification permits. the use, of two. (but no more 
than two) data-processing 1 machine types in the total ‘of, ‘three. required flight 
configurations (section 3.2.1.3) provided that programing is identical for. © 
each “machine type and expandability requirements (3.2.1.6) are met. If 

the use of two machine types is proposed, the substantiative data required 
throughout this appendix should be furnished for each machine type separately, 
and, where applicable, for the system as a whole. 


2el Overall Functional Organization.- Provide a sufficiently detailed 


description of the over-all functional organization of each proposed Central 
Computing Complex to demonstrate clearly an understanding of the data 
processing land reliability requirements, and capabilities of the equipment 
functional organization to satisfy these requirements. Present a clear 
explanation of how you plan to accomplish the proposed CCC design in. order 
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to comply with the technical requirements. The details of the manner in 
which the experimental system was organized, although they appear in the 
specification, are not be construed as restricting the bidder's proposed 
design beyond the stated loading information that it supplies. 


221.1 Indicate broadly the over-all technical approach to functional 
organization and capability. 


2.1.2 Include and/or reference pertinent sketches, drawings, charts, 
diagrams, etc. 


2.1.3 If appropriate, indicate design alternatives which were considered 
and indicate the reasons for the selected design. 

el.4 h Dencei be ene: degees to which the proposed complex of equipment is 
off-the- shelf, and the amount of development effort required to modify 
existing equipment to meet the technical Fequirementss oo 


2el.5 Define the problems expected to be encountered, and the proposed 
methods to be used to solve the technical problems. 


2,2 Executive Control (Functional Design) 


2.2.1 Mode of Operation Control.- Define and describe in detail your con- 
cept of mode of operation control as it relates to the proposed ccc. -In 
particular you shall cover but not be restricted to the following items: 


(a) The features provided to meet the data processing and 
reliability requirements in the Al and Cl operating modes 
for the 325, 200, and 100 flight configurations. (It is 
recognized that.the 100 flight configuration may have only 
the Al mode.) 


(b) The method and time required for dynamic changeover from 
one mode of operation to another as a result of equipment 
failure or change in operating capacity requirements. 


(c) Give a general indication of what provisions could be made 
for functional degradation within a specified operating 
mode as a result of partial failure of the CCC. 


2.2.2 Performance Monitoring.- Discuss a possible design which makes use 
of the proposed equipment complex, on-line maintenance program techniques, 
and the executive program to detect and diagnose failures in the real-time 
operation. 


2.2.3 Interrupt Capability.- Describe what use the executive control function 
design might make of available program and/or equipment-generated interrupt 
capabilities in a particular CCC configuration for the Al and Cl modes of 
operation. 
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2.2.4 Sequence and Timing.~- Describe how the executive control program could 
insure the proper sequence of program operation when sequence is critical, 
how non-sequence-critical functions could be handled and what provisions are 
made to insure that the system will keep up in real time, Summarize the 
running times of all program dnd data transfers that are required to perform 
the data processing function in the Al and Cl (Al only for the 100-flight 
configuration) modes of operation for each proposed CCC. Care should be 
taken to assure that: 


(a) Data needed in primary storage is available when each 
program is operated; 

(b) Input transfers do not interfere with on-going 
operations; and 

(c) Output transfers are not initiated before the data is 


prepared. 


2.25 CCC Size Varistions.- Discuss the executive control function in terms 
of applicability to the three system sizes called for in this specification 
and expansion requirements that may occur in field installations. To what 
extent may reprograming be required to handle growth, and changing functional 
and operational requirements? 


2.2.6 Gross Flow Chart.- Provide a gross flow chart outlining your 
thoughs on the executive control function. Show differences, if any, 
between modes Al and Cl. Also, show any envisioned variations necessary 
for the 325, 200 and 100 flight configurations. 


2.3 Central Computing Capacity.~ This section describes the manner in 
which the bidder is asked to validate the adequacy of each proposed CCC 


with regard to storage, input/output, computing speed, and cycle time. 
Data should be presented in the format of the Primary Storage, Input /Output 
Transfers, and Timing tables and should be plainly identified according to 
which configuration--325, 200, or 100 aircraft--is intended, The functions 
should be listed in the execution sequence of the assumed executive control 
function design. If functions are executed in parallel, appropriate table 
format adjustments or notations should be made to clarify the presentation. 
Presentation of data in these tables should be keyed with a flow chart of 
the assumed executive control function design, and with charts showing the 
dynamic allocation of primary and bulk storage and timing or I/c transfers 
during the average processing cycle. Reasonable alternate approaches of 
data presentation are atteptable.'’ However, the burden of sufficiency of 
proof and applicability to the problem rests with the bidder. 


2.3.1 Adjustment Factors.- Appendices B, C, and D provide detailed data 
on the storage and computing time requirements for each of the required 
data processing functions. These data are expressed in terms of the 
program length, table lengths, and computing time required in the computer 
of the experimental system. The bidder is asked to scale this data in 
accordance with the characteristics of his proposed CCC organization. The 
program length for each function should be determined by adjusting the 
stated program length for the experimental system using the eppropriate 
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program length adjustment factor (PLAF), The table storage requirements are 
stated in terms of 32-bit words and should be scaled using the appropriate 
data word length adjustment factor (DLAF). The computing time for each 
function should be determined by sdjusting the stated computing time 
requirement for the computer of the experimental system using the appropriate 
computing time adjustment factor (CTAP). 


2.3.1.1 Sample Problems.~- Appendix A contains the specifications for 

sample problems that are typical of the data processing tasks encountered 

in air traffie control. The program length and operating time for the 
sample problems on the computer of the experimental system are stated. 
Instructions are given in Appendix A for.the determination of the adjustment 
factors (PLAF, DLAF, and CTAF) mentioned above, 


2.3.2 Storage.- Using the non-parallel processing PLAF, determine the 

program length for each function which you propose to execute with a single 
computing element. Using the parallel processing PLAF, determine the 

program Length for each function which you propose to execute with 

simultaneous operation of more than one computing element. Using the format 
of the Primary Storage Chart in Appendices B, C, and D, present data for 
program length, data table storage, working table storage, peripheral data 
storage, estimated executive control program length, next function environment, 
if applicable, and bulk storage for each of the data processing functions 
consistent with your choice for the dynamic use of primary and bulk memory 

and the execution of functions for the assumed control function design. All 
table lengths for data storage should be obtained by adjusting the lengths 
specified in the' Tables of B, C, and D, by the DLAF. Estimate the amount 

and type of bulk storage that the assumed executive control function design 
requires. Include in this estimate the storage necessary to effect ‘the 
reliability, mode-of-operation.control; and safe data requirements. In 
addition to the above data, provide a primary and bulk storage allecation 
chart showing the dynamic use of this storage and identifying transfers between 
these storage elements during the processing cycle consistent with the assumed 
executive control function design. 


2.3.3 Input/Output Transfers.- Present data in-the format of the Input /Output 
Transfer Charts of Appendices B, C, and D for all data and program transfers 
required to handle peripheral data, and those necessitated by the assumed 
executive control function design and dynamic use of primary storage. Length 
of each transfer should be determined by adjusting the basic data presented 
in the Tables of B, C, and D using the appropriate factor (PLAF or DLAF) 

as described in 2.3.2. This tabular listing of transfers should be keyed 

to the transfers identified on the primary and bulk storage allocation 

charts by a chart which describes the timing of all I/O transfers during 

the processing cycle consistent with the assumed executive control function 
design. Peripheral and recorded data transfers should be identified, con- 
sistent with your solution to the peripheral data handling problem. 
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2.3.4 Timing Data.- Present timing data in the format of the Timing Data 
Chart of Appendices B, C, and D for all data processing functions. The 
primary use of this chart will be to determine that the proposed CCC and 
executive control function design can perform the required functions within 
‘the specified cycle time of 2.5 seconds, 


2.3.4.1 For those data processing functions which you propose to execute 
with a single computing element, apply the non-parallel processing CTAF 
(calculated for the sample problem as specified in Appendix A) to the 
listed computing time per cycle. For those data processing functions which 
you propose to execute by simultaneous operation of more than one computing 
element, apply the parallel processing CTAF (determined as specified in 
Appendix A) to the listed computing time per cycle. It may be assumed that 
all of the listed functions are structured in a way similar to the composite 
sample problem specified in Appendix A, 


2.3.4.2 The estimated total transfer time (including average time spent 
in accessing bulk storage and peripheral data) associated with the 
execution:of each function should be stated. ‘This transfer time shall be 
estimated from the number and length of transfers necessitated by the 
assumed organization of the over-all data processing task and the stated 
characteristics of input/output channels, primary and bulk storage, peri- 
pheral data storage, and recorded data storage. Consistent with the charts 
describing dynamic allocation of primary and bulk storage, and timing of 
transfers within the processing cycle, the amount of unoverlapped transfer 
time associated with each function shall be determined. The unoverlapped 
transfer-time data is to include estimates for the effect of "break-in" 
memory cycles. 


2.3.4.3 .In addition, an estimate of the computing time allocated to each 
function for executive control should be entered on the timing data charts. 


2.3.4.4 : The operating time allocated to each function for each cycle should 
be computed (and entered in a blank column of the timing data charts, to be 
labeled "operating time") by adding the entries for computing time per 
cycle, unoverlapped transfer time per cycle, and executive control function 
time per cycle. 


-243e4.5 -The total real operating time per cycle for all functions shall be 
computed (and stated on the timing data charts with appropriate label) by 
eombining the individual function operating times consistent with the execu- 
tion sequence of functions for the assumed executive control function design. 
If the functions are executed in a sequence with no overlap, the total real 
operating time per cycle will be the sum of the function operating times. 


2.3.4.6 If your executive design proposes simultaneous execution of 
different functions in separaté computing elements (i.e., in parallel), 

the total real operating time per cycle should be computed as follows: 
Increases, as necessary, the individual function operating time for any 
functions which are executed in parallel to account for simultaneous 

attempts by these functions to access shared memory (see appendix A, 2.2(b)). 
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Compute the total real operating time by subtracting the total overlapped 
operating time from the sum of the adjusted function operating times, This 
total real operating time per cycle will determine compliance with the 2.5 
second cycle time requirements. 


2.3.4.7 Using the charts identified in 2.3.2, 2.3.3, and 2.3.4, anda flow 
chart for the executive control function as you visualize it, show how each 
of your porposed CCC's perform the enroute functions and meet the cycle 
time requirement of 2.5 seconds, 


2.3.5 Expandability.-~ State the limiting factors for expandability of the 
proposed CCC with regard to input /owtput and storage capability. If 
effective computing speed of the proposed CCC can be further increased, the 
method shall be outlined. A reasonable upper limit of effective computing 
speed shall then be identifed. Indicate for each proposed CCC configuration 
by wheat percentage the maximum aircraft load may be increased without the 
adgition of any other hardware. By what percentage can the maximum aircraft 
load of the 325-flight configuration be expanded by use of maximum permissible 
number of elements? The nature of time, effort, and reprograming that may 
be reguired should be specified for each of the expandability alternatives 
that are described. 


2.3.6 Interrupt Capability.- Describe the interrupt capabilities of your 
proposed equipment complex. Show how internel and external interrupts may 
be used in conjunction with your envisioned executive program to handle 
controller and peripheral device requests for service. 


2.3.7 Real-Time Clocks.- Provide information as to real-time clocks that 
are applicable for utilization in your proposed CCC. Provide information 
such as: 


(a) Types (internal/external) ; 

i Interrupt features; 

c) Computer program access and manipulation; and 
(d) Precision, 


2.3.8 Code Standardization.- The adoption of American Standard Code for 
information Interchange or ASA Standard No. X3.4 presages its use for 
filing flight plans with ATC facilities. This code is also under con- 
sideration by FAA for inter-facility transmissions, with its adoption 
probable, Furthermore, certain plan-position displays being procured by 
FAA have alphanumeric inputs that use the 6-bit subset of the X3.4 code 
containing the alphanumeric characters, and it is desired to continue this 
practice. Describe how you would adat the CCC to the above uses. 
Indicate what effects this would have on system-oriented and computer-~ 
oriented peripheral devices. 


2.4 Reliability Design 


2.4.1 Reliability requirements have been imposed on the entire Central 
Computing Complex. Therefore, the development of the reliability design 
should give consideration to the following factors. 
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Discuss: 
(a) The basic elements reliabilities; 
(>) The reliability of the interconnection network(s); 
(c) The reliability of proposed peripheral-device adapter(s); 
(a) The reliability of the reconfiguration approach includi ng 


(1) ‘The availability of safe-data regardless of which 
element fails; and 


(2) The availability of the executive control features 
required for mode-of-operation control and recon- 
figuration of active and redundant elements. 


2.4.2 The following information should be provided as a minimm., 
Additional information may be provided as appropriate. The definitions 
for the terms used in this section are presented in the specification. 


(a) Indicate the MDT (mean down time) and MUT (mean up time) 
of each equipment element of the CCC (computing, storage, 
peripheral-device adapters, etec.). 


(b) Indicate the MDT and MUT of operation--of the 325 and 200 
flight configiration for both modes Al (80-100 percent 
or peak demand and full functional capability) and Cl 
(0-50 percent of peak traffic demand and full functional 
capability),--and the Al mode of operation for the 100 
flight configuration. 


(c) Indicate the MDT and MUT of each CCC configuration for 
Al and Cl modes of operation with one additional (beyond 
that required to meet the specified reliability and 
minimum hardware requirements) redundant element of each 
type (computing, storage, peripheral-device adapter, etc.) 
if the system configuration allows such an expansion. 


(a) Indicate the mean time between transient failures involving 
the failure of an active element when a redundant element 
is available to replace the failed element for modes Al and 
Cl. 


(e) The MDT and MUT for the CCC equipment elements should be 
based on actual operation experience insofar as possible. 
Scate the operational experience and test results for 
(a) and also any that would help to confirm (b) through (4d). 
State the evaluation procedures, including loads and con- 
tinuity of exercising, computer programing, and certifications 
applicable to these evaluations. 
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(2) Wherever data from operational experience is not available 
in reference to (a), (b), (c), and (ad) above, provide all 
equations, mathematical techniques, and data used in the 
computations. Provide derivations of techniques used in 
order to justify thelr validity. 


(zg) Present the mathematical model for reliability and main~ 
tainability of the CCC configured to operate in the Al and 
Cl modes of operation except that the Al mode only is 
applicable to the 100 flight configuration. 


(h) In cases where the failure of an active CCC element results 
in switching to redundant element, describe how changes in 
the CCC configuration are achieved and the amount of time 
required for changeover, 


(4) Present the extent to which you employ the following re- 
liability design techniques: derating of the component 
piece parts, use of parts having a history of reliable 
operation in other systems, examination of circuit and part 
tolerances to insure minimization of drift-type equipment 
failures, and a review of packaging and production methods. 


2.5 Central Computer Complex Equipment 


2.5.1 CCC Elements.~ List the functional ‘units, such as storage elements, 
computing elements, etc., which make up each proposed CCC, indicating the 
number, type, and capacity of each unit required to satisfy the specified 
CCC capabilities, 


2e0-e Peripheral Equipments.- List and describe the computer-oriented 
peripheral equipments proposed for use with each central computer con~ 
figuration specified above. Is any provision made for high-density, low- 
cost magnetic tape: 


‘2.5.3 Modularity.- Present descriptions of the nature of modularity for 
each CCC element and the system as a whole, as appropriate. 


2.5.4 Two Data-Processor Machine Types.- The specification permits the use 
of two (but no more than two) data-processing machine types in the total of 
three required flight configurations (3.2.1.3), provided that programing is 
identical for each machine type and ‘expandability requirements (3.2.1.6) are 
met. In general, the use of more than one type of machine tends to cause 
an increase in complexity of certain areas of the system and associated 
support activities. Therefore, each bidder who proposes use of more than 
one machine.type shall.discuss in detail the following list of system 
characteristics which may be considered as trade-off items in evaluating 
‘the overall effectiveness of the particular design approach: 
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(a) Added costs for logistic and personnel support activities 
because of the use of increased hardware variety; 


(o) Technological advantages through use of the wider choice in 
selecting system components; 


(c) The necessity of universally meeting the interface require- 
ments of computer-oriented and system-oriented peripheral 
devices; and 


(a) The need for being able to expand a configuration in small 
increments to keep abreast of increasing load requirements. 


2.5.5 Design and Construction.- In accordance with 3.10 of the specification, 
it is desirable that the equipment meet requirements of ER-D-406-010, or 


appropriate MIL specifications, or both. If equipment meets MIL specifications, 
it should be so indicated with a listing of the applicable MIL specification 
or specifications. For equipment that does not meet MIL specifications, a 
description of each deviation between the equipment and the requirements 

of ER-D-4O6-010 should be furnished. 


2.6 Reliability/Maintainability.- Information on the following items 


should be presented; additional information may be provided as appropriate. 


{a) Maintenance Approach.- Describe the maintenance approach 
for the CCC and show that it will adequately support all 
maintenance and reliability requirements. Describe in detail 
how scheduled and unscheduled maintenance (3.8.2.2 of 
specification) would be performed on the CCC elements in 
a @h-hour, 7-day-per-week equipment operation. In 
particular, describe how a subsystem of elements might be 
taken off-line to perform off-line maintenance functions. 
Confirm that sufficient controls (keys, switches, indicators, 
ete.) are supplied to perform this function without inter- 
fering with the operational ATC system. 


(vb) Monitoring Features.- Describe the equipment monitoring 
features (automatic and manual) for error checking and 
trouble recognition while the machine is performing the 
operational functions. 


(c)} Diagnostic and Maintenance Features.- Describe the 
available features for trouble isolation and definition. 
Indicate whether the features operate continuously or only 
during downtime. 


(a) Seheduled Maintenance.- Specify the frequency and length of 
time recommended for scheduled maintenance of each element 
proposed. 
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(e) 


(ft). 


(g) 


(n) 


(1) 


(3) 


(k) 


(1) 


(m) 


(n) 


(0) 


instrumentation.- List the instrumentation that is 
provided with each proposed CCC for maintaining and 
repairing it. Describe separately any special equipment 
which 1s being provided in this procurement. 


Standardization.-~ Indicate the extent to which the proposed 
ccC uses military approved or military standard piece 

parts and techniques. The degrees of circuit standardization 
should also be defined and described. 


Quality Control.- Describe the procedures used for 
maintaining quality control within your organization. 


Maifunction Evaluation.~-. Describe normal company procedures 
and methods for malfunction data collection, feed-back, and 
analysis used during environment and acceptance tests for 
CCC-type systems. Indicate how such date is used in 
corrective actions of significant reliability and/or 
maintainability problems at either the equipment, unit, 
subunit, circuit, or part level. 


Failure Ansalysis.- Deseribe procedures for conducting a 
failure analysis effort to determine the causes of basic 
failures in the CCC. 


Corrective Action.- Define and describe the corrective 
action process employed in connection with the malfunction 
evaluation and failure analysis activities described above. 


Long-term Evaluation.- Describe procedures and methods, if any, 
data for collection, analysis and feedback, and corrective 
action process concerned with continuing evaluation of 
reliability and maintainability of CCC-type systems installed 
in the field, 


Preventive Maintenance.- Present a plan for preventive 
maintenance of each complete CCC. 


Maintenance Personnel.- Define the number and qualifications 
of personnel required to maintain and repair each proposed 
ccc for continuous operation 24 hours per day, seven days 
per week. Specify, by class breakdown, the type{s) and 
amount of training required by maintenance personnel. 


CCC Operators.- Define the number and qualifications of 
personnel required tooperate each proposed CCC for 2k hours 
per day, seven days per week, Specify, by class breakdown, 
the type(s) and amount of training required. 


Variations in Manpmer Regquirements.- Indicate the changes 
in manning specified in (m) and (n) due to the operation 
of the CCC in the high (Al) and low (C1) load modes specified. 
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(p) Spares.- Define and describe the nature and quatity of 
spares required to support continuous operation 24 hours 
per day, seven days per week, for one year, for each size 
CCC. The method(s) used should be consistent with the 
reliability prediction techniques. 


(q) Maintenance and Test Eguipment.- List, and desctibe if 


necessary, the quantities and types of all general and 
specialized maintenance and test equipment being provided 
(3.8.3.4) to support each size CCC. Include a per unit 
(approximate or firm price) cost breakdown with this data. 


2.7 Envirenmental Factors.- Describe all aspects of each CCC envirdhment 
including but not restricted to the following items: 


(a) Ambient Temperature Range.~ Define the operating and 
non-operating acceptable temperature ranges. 


(b) Humidity Range.- Define the operating and non-operating 
acceptable absolute and relative humidity ranges. 


(c) Air Conditioning.- Describe any integral air and/or liquid 
cooling used. Discuss air conditioning failure in terms of 
system reliability, including operating time after failure 
of any integral cooling system. 


(d) Power.- Give the system power requirements, including number 
of circuits, voltage(s) plus tolerance, kilowatts, frequency(ies) 
plus tolerance, power factor, turn-on surge currents, etc. 
If a motor-generator set is required for normal system operation, 
discuss your proposed redundancy of this equipment to meet 
the reliability standards of this specification. 


2.8 Physical Characteristics.- Describe the physical characteristics of 


each CCC. The information provided should include but not be restricted 
to the following: 


(a) Type of packaging. 

(bo) Numbercof physical units. 

(c) Dimensions. 

(a) Type of installation--including type of building features 
required, such as false fioors, overhead or under-floor 


cable of air ducts, tie-down features, etc. 


(e) Floor space--indicate the amount of floor space required 
' for each of the three CCC configurations. 
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(f) 
(g) 
(n) 


(4) 


(3) 


(x) 


Weight and floor loading. 
Level and spectrum of audible noise produced by equipment, 


Cable length limits for non-contiguous location of CCC 
elements and/or equipments connecting to the I/O channels. 


Where applicable indicate ratio of transistor use to 
vacuum tubes or indicate all-transistor. Report the type 
of circuit components and packaging used. Describe the 
level at which sub-assemblies would be replaced for 
maintenance or repair. Describe techniques and test 
equipment needed to repair replaceable sub-assemblies. 


Electromagnetic interference characteristics, both 
internally or externally generated. Indicate whether 
shielding is required and to what extent it is required. 


Explain the grounding system, and grounding requirements 
for peripheral equipment, 


2.9 Machine Characteristics.- With regard to your proposed equipment canplex, 
supply information regarding the following items. Additional items may be 
presented if appropriate. 


(a) 


(b) 
(ec) 


(a) 
(e) 
(f) 
(g) 


(1) 


Define type of arithmetic used. How are negative numbers 
handled? Is provision for floating point arithmetic 
included? Is provision for double precision arithmetic 
included? 


Describe instruction repertoire. 

Describe instruction execution rate and present supporting 
theoretical studies and measured or calculated performance 
based on the sample problems. 

Describe I/O rate for each channel, 

Describe access time(s). 

Discuss transfer time(s), 


Define index capability including sequential and simultaneous 
operations, and indirect addressing if availabie. 


Discuss special features including but not restricted to 4 
definition and description of the following items; 


(1) Real time indicator(s). 
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(2) Interrupt features, indicating type (equipment or 
program controlled), frequency of use and priority 
scheme, if applicable. 


(3) Error checking and trouble recognition features. 
Deseribe parity check structure included in proposed 
ccc. Any additional features such as confidence check 
routines, complete word or character checks, or 
automatic error correction shovid be carefully 
evaluated in terms of cost and complexity and the 
evaluation presented in this section. 


(4) Parallel use--i.e., the capability to use a portion 
of the CCC during slack times for other functions 
such as data reduction, training, and computer program 
checkout while the remaining portion of the CCC is 
performing the operational function. 


(5) Peripheral tie-in--the ability to connect peripheral 
equipments to the CCC for certain non-operational 
functions, such as data reduction, maintenance, and 
program checkout. 


(6) Interchangeability of units. 

(7) Ease of expansion. 

(8) Ease of modification for new features or functions. 
(9) Control console features and. functions. 


(10). If applicable, define the nature of possible simul- 
taneous operations such as I/0--computing operation(s) 
and I/0--I/0 operation(s). 


3. Software 


3.1 Support Programs.- Describe and discuss the following software support 
programs. Do not necessarily Limit your discussion to, but be sure to 
include, the items specifically mentioned in the succeeding paragraphs. 

In particular, clearly indicate what software you intend to supply with 
this procurement that is' not a mandatory software package as called for 

in the specification, 


3.1.1 Assembler.- Include in your proposal a description of the assembler 
stressing any inherent special features which would minimize the programing 
effort described in the specification. Include in this description 
information as to; 


(a) Supporting data or information based on existing use 
of the assembler in a complex similar to the CCC. 
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(bo) Library routines available. 
(c) Training and programer experience level required. 
(a). Details of assembling, including; 


(1) Assembly program size and timing information. 

(2) Error detection characteristics. 

(3) Listing format and content. 

(4) Equipment required other than that in the CCC 
required for assembly. 

(5) Assembly monitoring program, if any. 


(e) Program debugging aids contained with the assembler. 
(f) Insert~and-expand, delete-and-contract features. 

(g) Special features. 

(nh) Limitations. 


3.1.2 High Order Language.- A high order language(s) oriented to your 
proposed CCC is desirable. A description of the language, if any, 
including special features which would minimize the extensive programing 
effort is requested. Include in your description: 


(a) Supporting data based on existing use of this language 
_in a complex similar to the CCC. Indicate features 
or functions inherent in the language that make it 
applicable to program development in the CCC. 


(>) Library routines available. 
(c) Training and programer experience level required. 


(a4) Language efficiency, including estimates of additional 
primary and bulk data storage required as the result 
of object code derived through use of the language. 


(e) Details of compilation including: 


) Number of passes required to obtain object code; 

) Program size and timing information; 

) Error detection routines; 

) Listing format and content: 

) Equipment other than that in the CCC required 
for compilation; and 

) Compilation monitoring program if any. 
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(f) Program integration and debugging aids. 
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(g) Special features, 
(nh) Availability. 
(i) Limitations. 


3.1.3 Utility Programs.- Discuss the characteristics of the following 
utility programs which are being supplied as dediverehte items in accordance 
with the specification (section 3.7.1): 


(a) Loaders. 
(b ) Dumps ° 
{c) Programing debugging aids. 


You are encouraged to submit descriptions of any additional utility system 
programs which are available but are not a mandatory deliverable item under 
the specification, 


3.1.4 Maintenance Programs.- Discuss the characteristics of the maintenance 
programs which are being supplied as deliverable items in accordance with 
the specification (sections 3.7.3 and 3.8}. Show that the hardware con- 
figurations proposed are capable of performing the software functions 
{on-line and off-line maintenance) regardless of whether such software is 

a deliverable item under the specification. If software packages already 
exist to perform portions of on-line or off-line maintenance tasks, or both, 
include a description of such software packages with the proposal. 


3.1.4.1 In particular, include in your discussion a detailed review of 
the following items: 


(a) A detailed description of a maintenance subsystem to 
maintain continuity of operation and effect system re- 
configuration in the CCC you propose. Include: 


{L) A description of how you would configure the 
maintenance subsystem; 


(2) A description of how you would perform operational 
maintenance ; ; 


(3) Describe how you would perform preventive maintenance; 


(4) How you plan to reconfigure the system for equipment 
failures and automatic mode transition; and 


(5) What isolation procedures are necessary when 
using these programs to prevent interference to 
the operational real-time system? 
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(bo) A description of programs that are available or will be 
available that might be employed in the maintenance sub- 
system. 


(ec) Timing and storage estimates for those routines to be 
included in the operational cycle time of the CCC. 


(da) A list of programs of this type which are in use, 
indicating user organization(s) and nature of the 
effort. 


3.2 Program Checkout and Testing.- Discuss the following items: 


(a) Program(s) that will be available for program checkout 
during the production phase. Indicate documentation 
that will be supplied with these items, 


(bv) Features available at the control console and/or in 
computer-oriented peripheral equipment that can be used for 
program checkout. 


3.3 Expandability.- Describe the nature of programing effort required when 
additional capacity (memory or I/O) is added to the CCC but the basic 
functions are unchanged. Are there advantages to be gained by a sub- 
stantial reprograming effort versus using expandable addressing techniques? 
If so, what are theyi 


kk. Acceptance Test.- Describe in detail your approach to developing an 
acceptance test procedure for the CCC. List and describe the software 
necessary to implement this procedure. 


5. Vendor Support.- Describe the nature of vendor support available to 
cover items such as the following: 


(a) Programing 

(b) Maintenance 

(c) In-plant facilities for testing in-service improvements. 

(d) Existing Facilities.- Describe and list existing 
facilities using identical or similar equipments. Indicate 
the avallability of these facilities to support an effort 
concerned with the CCC. 

(e} Personnel Training.- Indicate the availability of personnel 
training facilities, including text or course material to 
train operational and maintenance personnel, 


6. Additional System Information 
Gy1 System Support.- Discuss the suitability of the proposed computer system 


configurations to simplify logistic support for a maintenance system in’:the 
areas Of: 
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(a) Spare parts; 
(>) Personnel training in programing and maintenance; and 


(c) Software implementation to cover initial installations 
and later functional additions. 


6.2 Overhead Development Facility.- Discuss the suitability of the 


proposed CCC for use at an overhead development facility to provide for: 


(a) Standardization of hardware and software elements 
throughout the field; 


(b) Standardized documentation; 
(c) Maintenance of programs in the field; and 


(da) Development of software improvements and additions 
for inclusion in field installations. 
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